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Abstract 
 
Over 60% of the adult population in the United Kingdom is now overweight or 
obese or classed as ‘plus size’. This is higher than almost all other developed 
countries in the world. Even with numerous public health interventions, the 
incidence of being plus size continues to rise potentially changing the 
demographics of the working population. This presents a challenge to those 
involved in workplace design as the design process relies upon the utilization 
of appropriate anthropometric data to establish the percentage of the user 
population that will be accommodated by the design. The aim of this thesis is 
to identify issues affecting plus size people in the working environment, not 
previously explored within the literature. Furthermore, by understanding the 
size and shape of this population via the collection of key anthropometric 
data, this will help inform the design of safe, comfortable, inclusive and 
productive working environments for plus size people within the United 
Kingdom.   
 
A first stage Scoping Study (n=135) found that fit (equipment, tools, furniture, 
uniforms and personal protective equipment) and space (circulation and 
shared spaces within the working environment) were issues of concern to 
plus size people. This suggests that aspects of the current design of the 
workplace are not suitable, and may even exclude plus size people. A better 
understanding of the anthropometric requirements of plus size workers is 
therefore required.  
    
Self-reported anthropometric data is an acceptable way of studying large and 
geographically diverse populations and may assist in accessing the hard to 
reach plus size working population. A validation study (n=20) established that 
self measurement of 14 key anthropometric measurements, using a self 
measurement instruction guide, was a feasible and acceptable data 
collection method for a larger scale anthropometric study to further 
understand the body size and shape of plus size people at work. A unique 
measure of knee splay (for a non-pregnant population) was included.  
Defined as the distance between the outer borders of the knees whilst seated 
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in the preferred sitting position it represents the observed sitting postures of 
plus size individuals – not captured in existing anthropometric data sources. 
 
The larger scale Plus Size Anthropometry Study (n=101) collected 
anthropometric data of plus size working age people via self measurement. 
The findings indicated that the study population was substantially larger in 
circumference, depth and breadth measurements than the population of 
existing anthropometric data sources. Knee splay was also identified as a 
key anthropometric variable for plus size people, however, it is not included 
in any datasets or literature relating to plus size people at work. These 
factors may contribute to high exclusion rates from current design practices 
that seek to accommodate the 5th to 95th or 99th percentile of users and may 
explain the high incidence of fit and space issues reported by participants 
with a BMI over 35kg/m2 .  
 
Finally, semi structured interviews with stakeholders (n=10) explored how 
they would like the data from the plus size anthropometry study 
communicated and any additional requirements of a resource aimed at 
supporting stakeholders in meeting the needs of plus size people within the 
working environment. The primary concern from stakeholders was the lack of 
existing data on the size and shape of the plus size working population and 
the importance of access to such data in whatever format.  A range of ideas 
were suggested including case studies, guidance and access to training 
which may assist them in understanding the needs of their end users 
ultimately supporting the inclusion of plus size people in workplace design.  
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1. Introduction 
Overweight and obesity is defined as an “abnormal or excessive fat 
accumulation that may impair health” (WHO, 2016) and is recognised as a 
major health problem in many countries of the world (Wearing et al., 2006). 
The majority of the adult population (61%) in the United Kingdom is now 
either overweight or obese (DoH, 2015) or classed as ‘plus size’. This is 
higher than almost all other developed countries in the world. Despite 
numerous public health interventions such as ‘Change4Life’ (NHS, 2009), 
food labelling systems (for example the Traffic Light System 
www.nhs.uk/Livewell/Goodfood/Pages/food-labelling) and widespread weight 
management guidance (NICE, 2014) the incidence of being plus size 
continues to rise, leading to changes in the demographic of the working 
population.  
 
The economic consequences of an increased percentage of plus size 
workers are well documented and include increased absence from work (Han 
et al., 2009) and reduced productivity (Bhattacherjee et al., 2003).  Being 
plus size has also been identified as a major risk factor for permanent early 
retirement (Shrestha et al., 2016). The issues associated with plus size 
workers are of concern as increasing employment, supporting people into 
work and maintaining people at work are key elements of the UK 
Government’s public health and welfare reform agendas (DWP, 2015). There 
are economic, social and moral arguments that work is the most effective 
way to improve the well-being of individuals, their families and their 
communities and there is a strong evidence base showing that work is 
generally good for physical and mental health (Burton and Waddell, 2006).   
 
Despite the increasing worldwide prevalence of overweight and obesity and 
the benefits of employment, the literature is limited on the characteristics of 
the plus size worker in terms of anthropometry, and physical / psychological 
strengths or limitations. Further research is required to determine the key 
anthropometric data to enhance comfort, safety and user satisfaction within 
the working environment and reduce the risks of absenteeism, reduced 
productivity and early retirement. 
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1.1 Research aim  
This research aims to explore issues affecting plus size people in the working 
environment and identify the preferences of stakeholders for a resource to 
support inclusion.  It is proposed that the current evidence based guidance 
may be inadequate for the design of the working environment, such as 
products (chairs, desks, and toilets), clothing (uniform, personal protective 
equipment) and workspaces (door widths, corridors) as a result of the 
changing size and shape of the working population.  
1.2 Research questions 
In order to achieve the research aim the following research questions have 
been identified;  
 Are there any issues affecting plus size people in the working 
environment? 
 What are the anthropometric measurements of the plus size working 
population? (either currently or previously working) 
 Is self-measurement a feasible and acceptable method for collecting 
anthropometric measurements in the plus size working population? 
 What are the preferences for a resource used to support stakeholders 
in meeting the needs of plus size people within the working 
environment? 
1.3 Research objectives 
In order to support more inclusive, healthier and safer working environments 
for plus size people, the objectives of this research are therefore: 
1. To undertake a literature review to understand the context of a plus 
size workforce; 
2. To explore the methodologies appropriate for the study of plus size 
people in the working environment; 
3. To conduct a study to explore the issues affecting plus size people 
within the working environment; 
4. To conduct an anthropometric study to understand the body size and 
shape of the plus size working (or previously working) population via 
the collection of key anthropometric measurements; 
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5. To conduct stakeholder interviews to explore the preferences for a 
resource to support inclusion.  
1.4 Thesis outline 
This thesis presents information and data regarding plus size people at work.  
 
Chapter 2 begins by reviewing the literature relating to the physical and 
psychological factors associated with plus size people at work. It continues 
with a review of the available anthropometric data, including its application 
and limitations for design. 
 
Chapter 3 details the research methodologies used to address the research 
aims and objectives. 
 
Chapter 4 presents the results of the Scoping Study exploring workplace 
issues for plus size people. This includes discussion of the main findings 
(identification of fit and space issues), and how the results inform subsequent 
research. 
 
Chapter 5 presents the findings of the Anthropometric Measurement 
Validation Study.  
 
Chapter 6 reports the results of the larger scale Plus Size Anthropometry 
Study.  
 
Both these studies established a better understanding of the anthropometric 
requirements of plus size workers via the collection and analysis of 
anthropometric data specific to the workplace.  
 
Chapter 7 discusses the methodology and results of Stakeholder Interviews 
in order to identify the preferences of a resource that will be used to support 
stakeholders in meeting the needs of plus size people within the working 
environment. 
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Chapter 8 summarises the findings of the research and the contribution to 
knowledge. The main conclusions of the research and their implications 
within the wider literature are discussed.  
 
The structure of the thesis is detailed in Figure 1.1 
 
Figure 1.1 Thesis structure 
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2. Literature Review 
2.1 Introduction 
The primary objective of the literature review is to understand the context of a 
plus size workforce. This necessitates understanding previous research on 
plus size individuals (including individuals defined as overweight and obese) 
in terms of physical and psychological function and anthropometry, and also 
of issues that they have experienced within the working environment. There 
is an extensive body of literature that exists surrounding the health 
implications of being plus size and of strategies to reduce overweight and 
obesity from a public health perspective. Whilst acknowledging the 
importance of this view, this is only discussed briefly as it falls outside of the 
scope of this thesis. In order to understand the aims of the proposed 
research the following topics were explored: 
 Measures of body composition and size 
 Issues affecting plus size people at work 
 Plus size and function 
 Workability 
 Ethical, legal and social issues 
 
2.1.1 Search strategy 
A search strategy was developed using journals and specific search criteria. 
Google Scholar was the primary source of journal papers, in combination 
with the Loughborough University Library Catalogue Plus and individual 
subject databases. An example of the databases and terminology searched, 
including exclusion and inclusion criteria combined with the number of 
references selected for review can be found in Appendix 2.1. References 
from pertinent research were recorded and retrieved to further ‘snowball’ the 
search strategy. RefWorks was used to store all references. 
 
2.1.2 Critical appraisal of the literature 
Following, the identification of relevant research for review, a systematic 
critical approach of the each reference was undertaken based upon the 
‘Mixed Methods Appraisal Tool (MMAT) version 2011 (Pluye et al., 2011). 
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See Appendix 2.2 for an example of this appraisal. This approach was 
selected because it enabled the appraisal and description of the three main 
methodological approaches; qualitative, quantitative and mixed methods 
utilised within the literature excluding the need for three different appraisal 
tools. Prior to inclusion, all studies were required to meet the screening 
criteria in that there was a clear research question or objective and the data 
collected enabled the research question or objective to be addressed.   
2.2 Measures of body composition and size 
There are many ways of measuring body composition and classifying body 
size including Body Mass Index (BMI), waist circumference, anthropometry, 
waist to hip ratio, 'A Body Shape Index' (Chang et al., 2015) and Body 
Roundness Index (Tian et al., 2016). Within the literature, three main 
measures of plus size have been identified and are discussed in more detail.  
 
2.2.1 Body Mass Index 
Body Mass Index (BMI) is a summary measure of an individual’s height and 
weight, calculated by dividing weight in kilograms by the square of height in 
metres. It is the most frequently used method of estimating whether a person 
is overweight (Wearing et al., 2006) and as it allows weight to be 
standardised for the individuals height it enables individuals of different 
heights to be compared. (DoH, 2009). A number of research studies 
(Visscher et al., 2001, Twells et al., 2012, Kouvonen et al., 2013) have 
demonstrated a significant relationship between increasing BMI and 
increasing risk of illness or mortality. For Caucasian adults an individual’s 
weight status is categorised according to the level of BMI (Table 2.1). 
 
BMI (kg/m2) Weight Status 
Below 18.5 Underweight 
18.5 to 24.9 Healthy Weight 
25.0 and above Overweight 
30.0 and above Obese 
Table 2.1 Classification of BMI (DoH, 2009) 
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Measurement of BMI is advantageous; it is cheap and non-invasive and 
enables comparisons to made between areas, across populations and over 
time (WHO, 2016). However, the extensive use of BMI as a measure of plus 
size has many limitations. BMI is only a proxy measurement of body 
composition (Park et al., 2009). As it is a calculation solely dependent on the 
total weight and height of the individual, it does not consider or differentiate 
between the distribution of fat, muscle or bone mass. Therefore, there is a 
potential risk of overestimating ‘fatness’ in individuals with high muscle mass, 
such as athletes, and underestimating the fat deposit in those with less lean 
body mass, such as the elderly (Frontera et al., 1991) which might lead to 
functional implications. Similarly, as BMI cannot fully adjust for the effects of 
height or body shape, individuals with the same BMI may have very different 
anthropometric measurements as shown in body scan data for eight females 
each with a BMI of 30kg/m2 (Figure 2.1).  
 
 
 
Figure 2.1 Eight females with BMI of 30kg/m2 (image courtesy of Richard Barnes – 
Select Research)  
 
The range within a single BMI classification as illustrated in Figure 2.1, 
combined with the reliance of BMI in the literature regarding issues affecting 
plus size people within the working environment makes it difficult to compare 
research within the field. This limitation applies throughout the literature 
review as all the included studies rely on BMI classification to define plus 
size. 
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2.2.2. Waist circumference 
Waist circumference, as a measure of plus size, is rarely cited alone in the 
literature relating to plus size people at work. Waist circumference, measured 
at the level of the navel, indicates the degree of central adiposity and is 
defined as "the accumulation of fat in the lower torso around the abdominal 
area" (Karine et al., 2015). There are well documented links between high 
levels of central adiposity and the risk of developing obesity related 
conditions such as heart disease and hypertension (Pischon et al., 2008). A 
waist circumference of 94 centimetres or above for men and 80 centimetres 
for women is commonly used as an indicator of increased risk of these 
obesity related health conditions (Wang et al., 2005). As waist circumference 
is a measure of excess fat rather than excess weight it is useful when used in 
combination with BMI to determine whether BMI's in the overweight or obese 
category are likely to be due to excess body fat or high muscle mass (which 
has implications for function). Additionally, waist circumference is a valuable 
dimensional measurement in workplace design (Park et al., 2010). 
 
2.2.3 Anthropometry 
Anthropometry is the science of human body dimensions (Peebles and 
Norris, 1998). Each individual has a unique set of body measurements in 
different proportions that determines their body shape. Therefore, across the 
working population there is great variability in size and shape.  It is important 
to determine how, and to what extent, people vary in order to ensure that 
products and environments are designed to suit and fit as many people as 
possible (Pheasant and Haslegrave, 2006). Table 2.2 gives examples of how 
anthropometric measurements may be used within the working environment 
and the range of variability that should be accommodated by the design.  
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Design 
Condition 
Design Aim Workplace 
Example 
Range to 
Accommodate 
Fit  User –product match 
 For  appropriate/effective 
use 
Seats, toilets seats, 
uniform, PPE, 
seatbelts 
Maximum range 
of the population  
(commonly 5th to 
95th percentile) 
Reach  Placement to ensure 
access 
 For  appropriate/effective 
use 
Controls, objects on a 
workstation 
Smallest of the 
population 
(commonly 5th 
percentile) 
Clearance  Placement to ensure 
undesirable or unintentional 
contact 
Doorways, desk seat 
gap, space between 
rows of seats in 
lecture theatre of 
cafeteria  
Largest of 
population 
(commonly 95th 
percentile) 
Posture  Design to ensure 
comfortable and safe 
working postures are 
adopted 
Working surface 
height, controls, VDU 
placement 
Maximum range 
of the population  
(commonly 5th to 
95th percentile) 
Strength  Design to ensure 
operability 
Machine controls, 
seat controls, door 
opening system 
Smallest of the 
population 
(commonly 5th 
percentile) 
Entrapment  Design to avoid 
unintentional retention of 
whole body or body parts 
Ladders, railings Largest of 
population 
(commonly 95th 
percentile) 
Exclusion  Design to ensure  
Inaccessibility and 
inoperability 
Guards, railings, 
barriers 
Maximum range 
of the population  
(commonly 5th to 
95th percentile 
Table 2.2   Use and accepted variability of anthropometric dimensions (adapted from 
Peebles and Norris, 1998) 
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There are several anthropometry data sets available to support the design 
process such as Adultdata (Peebles and Norris, 1998), BodySpace 
(Pheasant and Haslegrave, 2006) and PeopleSize (Open Ergonomics, 2008). 
Because anthropometry data is so expensive to collect, surveys are 
conducted very rarely amongst civilian populations, so the majority of 
anthropometric dimensions are not taken from their original source (Khadem 
and Islam, 2014). For example, in Adultdata (Peebles and Norris, 1998), it is 
difficult to determine the original source of the data because only the 
secondary sources such as compilations or national standards are cited. This 
has implications in terms of usefulness for designers who may be trying to 
design for a specific population. In addition, the majority of values in data 
sets rely on ratio scaling methods to create estimates for many 
anthropometric variables from stature. The rapid increase in the prevalence 
of plus size people in working population may not be fully accounted for in 
these scaling methods (Bridger et al., 2013) in terms of mass and in terms of 
the proportion of each dimension that is body shape.  
 
Anthropometric data sets are typically displayed in tables, listing the 
dimension, the 5th, 50th and 95th percentile ranges and standard deviation. 
However, it is not possible to ascertain the proportion of the measurements 
for one individual, which may have limitations in the design of functional 
activities, for example forward reach. Section 2.4.3 will discuss, how for 
example, the abdominal depth may reduce forward functional reach - a factor 
not addressed in data tables. More innovative design tools based on 
anthropometric data are documented in the literature (for example 
‘HADRIAN’, Marshall et al., 2010) but these rely on small data sets which 
may also not account for the variability of plus size people.  
 
No publications were found that provide an up to date and comprehensive 
anthropometric database for the current plus size UK working population. 
The need to further understand the anthropometry of the current plus size 
working population is therefore identified.  Incorrect adjustments for, or the 
omission of anthropometric data in product or workplace design has been 
associated with work related psychological discomfort (Mokdad, 2003) and 
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increased risk of work related musculoskeletal disorders (Viester et al., 
2013). This knowledge is essential for a safe, comfortable and productive 
working environment. 
2.3 Issues affecting plus size people at work  
There are a multitude of workplace health and safety legislation and industry 
specific guidelines in place to maximise the safety and wellbeing of people at 
work. Examples include the Management of Health and Safety at Work 
Regulations (HSE, 1992), Personal Protective Equipment at Work  
Regulations (HSE, 1992) and the Provision and Use of Work Equipment 
Regulations (HSE, 1998). Despite this legislation and guidance, accidents at 
work still occur. This is now discussed in relation to plus size individuals at 
work. 
 
2.3.1 Falls 
In the year 2013 to 2014, falls, slips and trips accounted for more than half of 
all reported major injuries and almost a third of over seven day injuries to 
employees in the United Kingdom (HSE, 2015). An estimated three million 
working days in the UK were lost due to falls, slips and trips during this 
period.  
 
A fall can be defined as “ unintentionally coming to rest on the ground, not as 
a result of an overwhelming hazard” (Tinetti et al., 2008) and evidence from 
epidemiological studies suggest that plus size individuals have a greater 
incidence of falling than non plus size individuals. Fjeldstad et al., (2008) 
surveyed 200 participants and found that obese individuals (with a BMI of 
over 30kg/m2) had a higher prevalence of falls in the preceding year than 
normal weight individuals (with a BMI between 18.5-24.9 kg/m2). Ambulatory 
stumbling, that is “a loss of balance that was restored before a fall occurred” 
(Fjeldstad et al., 2008) was also greater in the obese group (32%) compared 
to the normal weight group (14%). However, the mean age of participants 
was 60 years of age so findings can only be generalised for the middle to 
older working age adult.   
 
 26 
 
 
2.3.2 Types of traumatic injuries 
Finklestein (2008) and Kouvonen et al., (2013) suggested that plus size 
individuals not only fall more frequently, but also have an increased incidence 
of sustaining a workplace related traumatic injury compared with normal 
weight individuals. In a large prospective study of 70,000 male and female 
employees Kouvonen et al., (2013) sought to examine whether being plus 
size was a predictor of recorded occupational injuries in Finland. The large 
sample size enabled the control of confounding factors such as age, gender, 
socio economic class, type of job, and health behaviours. In a seven year 
period, a total of 12,000 employees (18%) experienced at least one traumatic 
occupational injury. Of this percentage, 19% were overweight and 21% were 
obese. Analysis showed that being ‘plus size’ with a BMI of over 25kg/m2 
increased the risk of only some types of occupational injury (dislocations, 
sprains and strains and bone fractures) supporting earlier findings by Pollack 
et al., (2007). Significant associations were found between being obese (BMI 
30kg/m2  or above) and injuries to the upper and lower extremities with 
interestingly significant associations found between injuries to the spinal 
complex starting at a lower BMI of 25kg/m2.  Previous studies by Low et al., 
(1996) and Myers et al., (1999) had not found any significant association 
between BMI and back injuries. However, methodological omissions, small 
sample sizes and no reported confidence intervals suggest caution in 
interpretation of the results. Several possible explanations why being plus 
size would increase the risk of occupational injury have been highlighted in 
the literature such as fatigue whilst at work (Salminen et al., 2010) and 
poorer mental health (Virtanen et al., 2011). However Kouvonen et al., (2013) 
found adjustments for mental health and fatigue made no difference to the 
results, thus weakening these explanations.  
2.4 Plus size and function 
Despite the increasing number of plus size individuals within the working 
environment over the past few decades, it is only recently that the functional 
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implications of being plus size have started to be researched (Finklestein et 
al., 2008).  
 
2.4.1 Balance  
Balance defined as the “ability to maintain the line of gravity of a body within 
the base of support with minimal postural sway” (Nichols, 1995) is a major 
intrinsic factor associated with falling. Therefore, it is important to assess the 
impact of how being plus size affects balance in order to understand the risk 
of falling within the working environment. Research exploring the effect of 
being plus size on the balance in working age adults is limited and has 
primarily focused on static postural balance rather than dynamic tasks 
experienced within the working environment.  
 
Hue et al., (2007) assessed the postural stability of 59 male subjects with 
BMI's ranging from 17.4 to 63.8 kg/m2 using a force platform. A decrease in 
postural stability was strongly correlated to an increase in body weight; a 
view supported by McGraw (2000). These studies are limited by only 
including male participants. Blaszczyk et al., (2009) assessed a group of 
female participants consisting of 100 obese female working age adults with a 
mean BMI of 37.2kg/m2   and 33 normal weight females. The methodology 
was similar to the studies by Hue et al., (2007) and McGraw (2000) in that all 
used a force plate to evaluate postural stability with participants being asked 
to maintain a stable posture while fixating on a predetermined reference point 
although the results disagreed with Blaszczyk et al., (2009) reporting that 
postural stability was significantly better in the obese group. However, it 
should be noted that in the study by Blaszczyk et al., (2009) the postural 
sway (small horizontal movements that occur even when standing still) of the 
normal weight control group were four times higher than those of the obese 
group and indeed of participants in other cited literature. A certain degree of 
sway is essential and inevitable but excessive sway is a predictor for risk of 
falling (Zech, 2010). This suggests that the postural stability was significantly 
better in the obese group because the control group used in this study had 
poor static postural balance. 
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Few studies have explored the effect of more functional, dynamic tasks on 
the balance of plus size working age individuals. Berrigan et al., (2006) 
examined the combined effect of balance and movement in a reaching task 
between normal weight and obese male subjects. Eight normal weight (BMI 
20.9-24.9kg/m2) and nine obese individuals (30.5 – 48.6kg/m2) with no pre-
existing co morbities were required to point at a target as fast and as 
accurately as possible whilst standing. The degree of displacement from the 
centre of pressure (location on the supporting surface where the resultant 
vertical force vector would act if it could be considered to have a single point 
of application) of each subject was recorded using a force platform. The task 
speed was repeated with four target sizes – the smaller the target the more 
difficult the task. Results showed that the obese participants exhibited more 
forward displacement (4.6cms) compared with the normal weight group 
(1.9cms). As the task difficulty increased (by aiming at smaller targets) 
displacement in all directions increased within the obese group whilst no 
change was recorded in the normal weight group. This suggests that postural 
instability increased in the obese participants as the task became more 
difficult. Similar findings were also reported by Hamilton et al., (2015) in 
another small parts assembly task.  For male and female participants with a 
BMI of over 30kg/m2, anterior–posterior sway was significantly larger than the 
normal weight group anterior–posterior sway. The results indicated that the 
displacement in the anterior–posterior direction was also significantly larger 
for time-paced tasks than for self-paced tasks. Once again, suggesting that 
as task difficulty increases so does postural instability.  In both studies, 
different movement patterns were also identified between the two groups. 
Berrigan et al., (2006) observed that obese participants aimed at the target 
moving their whole body forward whilst those of a normal weight 
predominantly utilised elbow extension combined with shoulder flexion to 
reach the target. Hamilton et al., (2015) also reported more movement in 
obese participants compared to normal weight participants but instead in a 
posterior direction finding that obese participants tended to lean backwards in 
the sagittal plane while performing assembly tasks. This may be to 
counterbalance the gravity pushing them forward. This may be an important 
observation when designing workstations and working practices. However, 
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the generalisation from such small sample sizes should be treated with 
caution.  
 
The literature reviewed to this point has explored the effect of being plus size 
on postural stability and suggests that body weight may be an important risk 
factor in falling due to decreased postural stability. Further studies are 
required to provide a more complete understanding of the effect of being plus 
size on balance including how the distribution of adipose tissue may affect 
balance (Hao et al., 2016) and also to examine a variety of work related tasks 
and conditions, such as repetitive dynamic tasks, static endurance tasks or 
varying working loads.  
 
2.4.2 Muscular capacity 
The literature relating to the effect of being plus size on muscular capacity is 
conflicting and inconclusive. Muscular capacity includes muscle strength, that 
is the ability to exert a near maximal force for example in lifting, and muscular 
endurance which is the muscle’s ability to exert a submaximal force 
repeatedly over time, which is required in repetitive tasks (Cavuoto, 2013). 
Hulens et al., (2001) found that knee extension strength (quadriceps muscle) 
was significantly greater in obese women (BMI over 30kg/m2) compared to 
the normal weight group. These findings have since been supported in 
additional studies by Maffiuletti et al., (2008) and Abdelmoula et al., (2012) 
which have used male participants. This seems understandable as the 
quadriceps muscle is imperative for walking and standing and in order to 
move a greater body mass the quadriceps should be stronger due to the 
training effect (Cavuoto et al., 2013). Back extensor and flexor muscle 
strength followed the same trend in that obese women (BMI over 30kg/m2) 
were stronger than normal weight women (Hulens et al., 2001).  Back 
extensor and flexor muscles are required not only for movement of the trunk 
but are also responsible for maintaining trunk posture. Once again, this 
supports the suggestion that the postural and anti-gravity muscles undergo a 
training effect in plus size individuals increasing absolute strength, due to the 
constant demands of a larger mass. 
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However, these initial results suggesting that plus size individuals have 
greater muscle strength in the lower limb and trunk (Hulens et al., 2001, 
Maffiuletti et al., 2008, Abdelmoula et al., 2012 and Cavuoto, 2013) may be 
misleading. Although the studies matched the control and obese group for 
age and activity levels, when fat free mass was corrected for using an 
allometric scaling method (Hulens et al., 2001), obese participants were 6-
7% weaker in quadriceps strength, and 8-10% weaker in trunk muscles than 
the normal weight group. This suggests that although the added body mass 
of plus size individuals includes some additional muscle mass which 
accounts for the greater absolute muscle strength of the weight bearing 
muscles (Cavuoto, 2013), the force required to move a larger body mass 
actually means that relative strength is less.  
 
Despite limitations (such as obesity only considered by category (over 30 
kg/m2 or normal weight), no studies included BMI of between 25-29 kg/m2, 
and results were based on laboratory based experiments) muscle efficiency 
is a key factor in a variety of work related activities from walking to lifting. 
Inadequate muscle strength has been associated with early muscle fatigue 
(Pollack et al., 2007), reduction in work performance and efficiency, and an 
increased risk of injury. 
 
2.4.3 Range of movement (ROM) 
The flexibility of the plus size individual is measured in terms of the angular 
ranges of motion of the joints (Pheasant and Haslegrave, 2006). The range 
of movement (ROM) available at joints greatly affect individual physical 
capabilities, activities of daily life and work (Verbrugge and Jette, 1994; Kee 
and Karwowski, 2002) and are an important consideration in the design of 
products and workplaces (Kee and Karwowski, 2002; Zhang, 2005). 
 
Park et al., (2010) examined body joint ROM of 20 obese and non-obese 
individuals with a mean BMI of 44kg/m2 (obese) and 22kg/m2  (non-obese). 
30 movements occurring at the shoulder, elbow, knee, ankle and lumbar and 
cervical spine were recorded. The effect of obesity on joint ROM was found 
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to vary in that obesity significantly reduced ROM for only 9 of the 30 ranges 
(Table 2.3).  
 
 
Joint Movement Mean difference 
(obese - non obese, %) 
Right Shoulder Extension -20.5% 
Adduction -35.9% 
Left Shoulder Extension -22.0% 
Adduction -38.9% 
Lumbar Spine Extension -21.7% 
Left Lateral Flexion -20.0% 
Right Lateral Flexion -18.4% 
Right Knee Flexion -11.1% 
Left Knee Flexion -12.3% 
Table 2.3 ROM significant differences between obese and non-obese groups 
 
From Table 2.3 it can be seen that, when expressed as a percentage of the 
mean, the largest and second most significant reductions in ROM were for 
left and right shoulder adduction. Adduction, defined as movement towards 
the midline of the body (Levangie, 2001) is vital for completing tasks that 
involve working with two hands, reaching or driving (Pheasant and 
Haslegrave, 2006). Park et al., (2010) suggests that the reduction in ROM 
may be due to the excess fat in the plus size body obstructing the movement. 
This is also known as soft tissue apposition. In the case of shoulder 
adduction, the circumference of the chest and abdomen would limit any 
further movement across the body. Very small and highly non-significant 
differences were found at the cervical spine, elbow and ankle joints which 
would support this finding as apposition would not be as critical. However, 
this study examined each joint range in isolation, in a non-functional task 
which may not be applicable to the working environment.  Advantageously, 
the flexibility of one joint may be influenced by the posture of another joint for 
example hip flexion is much greater when accompanied by knee flexion. 
Adaptations in movement strategies may therefore enable plus size 
individuals to complete work related tasks. 
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Gilleard and Smith (2007) found that obese participants adopted a more 
flexed trunk posture and concomitant increases in hip joint angle and hip to 
bench distance during a standing work task. This was primarily because they 
had positioned themselves further back from the work bench initially, possibly 
because their body dimensions had prohibited them from standing closer. 
Similar adaptations were found by Hamilton et al., (2013) who compared the 
maximum frontal functional reach zone between normal weight (BMI 
23kg/m2), overweight (BMI 27kg/m2), and three categories of obese 
participants – obese class 1 (BMI 32kg/m2 ), obese class 2 (BMI 38kg/m2 ) 
and obese class 3 (BMI 44kg/m2 ). During a simulated small parts assembly 
task, BMI was found to significantly affect maximum frontal functional reach 
with the reduction greater as BMI increased. This was primarily because 
obese participants had to stand further back from the workstation in order to 
accommodate a larger abdominal circumference therefore reducing their 
available reach zones. Over reaching in the plus size population has been 
associated with increased pelvic tilt and flexion of the sacro iliac joints 
increasing the risk of lumbar spine disorders (Garg and Kapellusch, 2009).   
 
Capodaglio et al., (2010) found that during self-paced flat walking, compared 
to normal weight individuals, plus size individuals displayed greater hip 
abduction during the late stance phase of the gait cycle and reduced ankle 
plantar flexion throughout the whole cycle. Although Capodaglio et al., (2010) 
attributed the increase in hip abduction to the larger thigh breadth, reduced 
ankle plantar flexion was in response to a reduction in hip flexion. These 
findings support previous observations by Spyropolos (1991). Sibella et al., 
(2003) examined the movement strategy adopted by 40 obese males and 
females (mean BMI of 38 kg/m2 ) compared to 10 non obese males and 
females (mean BMI 23kg/m2 ) completing a sit to stand from a chair for 10 
repetitions. Obese individuals demonstrated a reduction in trunk flexion 
coupled with posterior placement of their feet and reduced ankle dorsiflexion 
to reduce the loading of the lower back.  
 
Notwithstanding the limitations of small and gender specific sample sizes, 
these examples suggest reductions in joint range primarily due to soft tissue 
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apposition and altered modified movement patterns to accommodate the plus 
size body. This may result in certain movements being more difficult to 
achieve and maintain, therefore increasing the associated postural stress. 
Postural stress, especially repetitively or over prolonged periods, is a 
documented risk factor in the development of work related musculoskeletal 
disorders (Viester et al., 2103).  
 
2.4.4 Work related musculoskeletal disorders (WMSD) 
The term musculoskeletal disorders covers any injury, damage or disorder of 
the joints or other tissues (including muscle, ligaments, tendons, nerves) of 
the upper or lower limbs or trunk (Petty and Moore, 2004). Different from 
traumatic workplace injuries, in that they tend to be cumulative and not 
identifiable to one specific incident, musculoskeletal disorders represent a 
considerable health problem in the working age population due to symptoms 
including pain and limitations to activities of daily living. Additionally, WMSDs 
have consequences for the wider organisation as they have frequently been 
cited as the most common reason of absence from work (Andersson 1999, 
Park et al., 2009) with associated costs of absenteeism and loss of 
productivity.  
 
In addition to the documented risk factors (age, female gender, temperature, 
vibration, repetition, posture; Oha et al., 2014) being plus size may also 
increase the risk of suffering from a WMSD (Copodaglio et al., 2010). Due to 
the complexity of WMSD, there are few epidemiological studies that have 
explicitly studied the combined effects of work, being plus size and 
musculoskeletal disorders. Disorders of the upper limb, especially Carpal 
Tunnel Syndrome, have been significantly associated with being plus size 
(Kortt and Baldry, 2002) with Ohnari et al., (2007) suggesting that the risk of 
developing carpal tunnel syndrome is four times greater in the plus size 
individual compared to normal weight. Knee osteoarthritis has also been 
associated with increased BMI in studies that control for work and non-work 
risk factors (Holmberg et al., 2005).  
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Awkward, stressful working postures are recognised as increasing the risk of 
WMSD (Armstrong 1993, Wearing et al., 2006) .In order to reduce the 
potential for WMSD, postural stresses need to be accurately assessed, 
typically via postural analysis tools and controlled as necessary, through 
appropriate workplace interventions. Park et al., (2009) suggested that 
postural stresses may be significantly affected by the physical condition, 
including weight status of individuals. From a biomechanical perspective and 
as discussed in Sections 2.4.2 and 2.4.3 on muscular capacity and ROM 
respectively, excess body weight may increase load through weight bearing 
joints and increases muscular exertions resulting in an increase in postural 
stress.  
 
Park et al., (2009) also empirically examined the effect of being plus size on 
postural stress during static maintenance tasks. 20 obese individuals (males 
and females) mean BMI of 46 kg/m2 (SD 4.99 kg/m2 ) and 20 non obese 
males and females with a mean BMI of 22 kg/m2 (SD 1.79 kg/m2 ) performed 
static box holding for a set of 80 working postures defined based on the 
Ovako Working Posture Analysis System (OWAS; Karhu et al., 1977). 
Participants were required to rate their subjective levels of postural stress 
using the Rating of Perceived Exertion Scale (RPE; Borg, 1990) during each 
posture. Obese and non-obese participants found the same postures most 
difficult, but obesity was found to significantly increase the perceived postural 
stress across each of the 80 postures compared to the non-obese group. The 
working posture of a non-straight back, elevated arm or both arms and bent 
leg or legs was the most stressful posture reported for both groups but the 
degree of perceived stress was significantly higher for the obese participants. 
This has implications for workplace design in that working postures rated as 
low stress and acceptable, based on OWAS for non plus size individuals may 
be rated as high stress and unacceptable for plus size individuals. This would 
necessitate immediate workplace redesign to minimise the risk of developing 
WMSD (Ramachandran, 2006). Singh et al., (2013) suggested that due to 
altered biomechanics of the plus size body such as soft tissue apposition and 
decreased relative muscle strength plus size individuals may have a smaller 
range of feasible body postures that they can adopt compared with non plus 
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size individuals. This would further increase the risk of having to adopt 
postures of high stress. However, the obese participants in the study by Park 
et al., (2009) were extremely obese in that the mean BMI was 46 kg/m2 and 
potentially suffering from comorbities (such as Type II diabetes, hypertension 
or joint pathology) which are prevalent in this group (Kouvonen et al., 2013). 
This is likely to have affected the results but there are no other studies within 
this field for direct comparison.  
 
2.4.5 Psychological aspects 
The literature suggests a bidirectional relationship between being plus size 
and mental health problems such as depression (Luppino et al., 2010) but 
prevalence rates specifically related to the plus size working population are 
rare. Proper et al., (2012) aimed to determine the prevalence of chronic 
psychological complaints and emotional exhaustion amongst plus size 
workers. Based on self-reported BMI, workers were classified into 
underweight, healthy weight, overweight and obese groups and a 
questionnaire was used to explore levels of chronic psychological complaints 
and emotional exhaustion. Of the entire study population (n=43,928), 2.8% 
reported chronic psychological complaints and 12.5% were emotionally 
exhausted. However, compared to the healthy weight group levels of 
emotional exhaustion was significantly higher for overweight and obese 
males and females. This was true for all subgroups which were defined by 
age, type of work and education level. This study included only Dutch 
participants so it is unclear whether the results could be generalised to other 
populations. Also, other potential covariates such as activity levels or 
relationship status that may impact on the results were not controlled for. 
Despite this, considering the high level of plus size employees in the working 
population and the significant association between psychological conditions, 
this is likely to have a substantial impact in terms of absenteeism and 
productivity (Atlantis and Baker, 2008). 
 
Risk factors that increase vulnerability to psychological conditions such as 
depression within the working environment, have not been established, but it 
has been suggested that weight stigmatisation may be one of those factors 
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(Wadden et al., 2007). Qualitative studies suggest that perceptions of weight 
based employment discrimination are frequent amongst plus size individuals. 
Puhl et al (2006) in a survey of plus size women (n=2249) found that 25% of 
participants reported experiencing job discrimination they attributed to their 
weight. 54% and 43% reported experiences of weight stigma from their 
colleagues or managers respectively which included inappropriate comments 
and differential treatment such as not being promoted. Roehling et al., (2008) 
in a similar scale, nationally representative sample of American adults (18-74 
years) found that employment discrimination was reported as 12 times more 
likely by overweight respondents, 37 times more likely by obese respondents 
and 100 times more likely by severely obese respondents than normal weight 
respondents. Additionally, women were 16 times more likely to report 
discrimination than men. These findings were supported by Puhl et al., 
(2008) who found that experiences of weight discrimination were repetitive, 
and included not being employed for a job, failure to achieve promotion and 
wrongful termination. Weight discrimination may also help to explain 
longitudinal studies that reported lower rates of employment for plus size 
individuals (Klarenbach et al., 2006) and lower salaries (Maranto, 2000).  
2.5 Workability 
The literature has suggested a range of issues that may affect plus size 
people in the working environment. Work demands that are not sufficiently 
attuned to the physical and mental capacity of the plus size worker may 
increasingly cause health problems and subsequently displace them from the 
workforce (Stattin, 2005). Ilmarinen (2005) suggests that workability is 
determined by the individual’s resources and work demands. The basis for 
workability are functional capacity and health, but workability is also affected 
by knowledge and skills, motivation and the work itself (van de Berg et al., 
2008). Workability can be measured via a single question asking 
respondents to rate their current workability on a ten point scale (Bobko, 
2002) or via ‘The Workability Index’ questionnaire (Tuomi et al., 1998). 
Assessing workability aims to identify early stage health risks of the 
employees and therefore risk of early retirement. Once identified strategies 
such as health promotion and job redesign can be implemented to counteract 
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these risks. Very limited research has been reported on the impact of being 
plus size on workability. Being overweight was positively associated with low 
workability in studies by Fischer et al., (2006) and Pohjonen (2001), but in 
these studies workability related to health care workers in physical 
demanding roles which included shift work. Participants also reported a low 
level of job control, poor management and often experiencing conflict with 
patients which have all been associated with low levels of workability (Tuomi 
1998; Lindberg, 2006). 
 
More research is therefore required to ascertain if there is an effect from 
being plus size on workability. This will add to the knowledge of the 
determinants of workability which is important when designing interventions 
aimed at maintaining and improving productivity and presenteism at work 
(Bridger and Bennett, 2011).  
2.6 Ethical, legal and social issues 
To protect all workers, employers are responsible for providing workplaces 
that are free from recognised hazards (Schulte et al., 2007). From the 
literature, there is evidence to suggest that being plus size increases the risk 
of adverse health effects from the working environment such as traumatic 
injuries, WMSD’s and postural stress. However, there is a lack of literature 
that suggests solutions to these issues without using approaches that may be 
deemed prejudiced, discriminatory or stigmatising (Luppino et al., 2010). 
Inclusive design strategies may help to overcome these issues. 
 
2.6.1 Inclusive Design 
'Inclusive Design' focuses on making products and services suitable for as 
many people as possible without the need for the individual to use 
specialised adaptions (Goodman-Deane et al., 2014). According to the 
Commission for Architecture and the Built Environment (2010), inclusive 
design’s purpose is to “remove the barriers that create undue effort and 
separation enabling everyone to participate equally, confidently and 
independent in everyday activities” (p1) and this can be achieved via five key 
principles: 
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1. People – place people at the heart of the design process 
2. Diversity – acknowledge diversity and difference 
3. Choice – offers choice where a single design solution cannot 
accommodate all users 
4. Flexibility – provides flexibility in use 
5. Convenience – design building and environments that are convenient 
and enjoyable for use for everyone 
 
Historically driven by the integration of disabled people into mainstream 
society and population ageing (Clarkson and Coleman, 2013) adoption of 
these principles may go some way to ensure inclusivity for plus size people 
within the working environment without drawing attention to the plus size 
person as requiring specialised adaptations.  Clarkson and Coleman (2013) 
suggest that inclusive design is not a new concept or a separate specialism 
and in line with other design approaches the emphasis is very much upon an 
explicit understanding of users. Therefore, understanding the physical, 
functional and mental capacity of the plus size working population is 
paramount.  
2.7 Limitations of the literature 
Despite the majority of the population in the UK being classed as plus size 
(61%), literature addressing the issues affecting plus size people in the 
working environment is limited. Small scale, primarily laboratory based 
studies have identified a number of potential functional limitations affecting 
plus size people at work. However, these findings would need to be 
replicated using larger sample sizes and include work based measures 
before they could be used for workplace design. Larger scale epidemiological 
studies have identified further workplace issues affecting plus size people 
such as increased risk of workplace injury and work related psychological 
conditions but have failed to adequately control for potential confounding 
variables (such as medical history) that may offer an alternative explanation 
for the findings. 
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Perhaps the largest limitation in the literature however, is the reliance on BMI 
for classifying plus size. A large number of the studies reviewed compare non 
plus size people (control groups) with participants who have a BMI over 
30kg/m2 but even higher BMI’s of 35kg/m2 are commonly cited. Therefore, 
the literature currently provides very little information on the effects of 
overweight and moderate obesity. This needs addressing as Bridger et al., 
(2013) report that the direct and indirect employment costs associated with 
increasing BMI increase rapidly for employees with a BMI from 27kg/m2.  
2.8 Summary 
Apart from stature, weight and waist circumference there is a lack of up to 
date anthropometric data pertinent to plus size people in a working 
environment. This establishes the need for the research question ‘What are 
the anthropometric measurements of the current plus size working 
population?’ Functional efficiency, ease of use, comfort, health and safety 
and quality of working life for plus size people is all dependent on this data 
(Pheasant and Haslegrave, 2006).  
 
No research has been identified that explores the issues affecting plus size 
people in the working environment via qualitative methods, by asking plus 
size people what affects them at work. Understanding the requirements of 
the user is vital in any design process and therefore emphasises the 
importance of the research question ‘Are there any issues affecting Plus Size 
People in the Working Environment?’   
 
Methodological considerations to addressing these research questions are 
explored in Chapter 3 (Figure 2.2)  
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Figure 2.2 Relevant structure of thesis 
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3. Research Methodology 
3.1 Introduction 
This chapter presents the possible research approaches and strategy 
adopted in order to achieve the aims and objectives presented in Chapter 1. 
In addition, an outline of the selected methods is provided specifically: 
 Qualitative data collection – surveys and questionnaires, interviews 
 Anthropometric data collection 
Detailed discussion of the equipment used and analysis techniques specific 
to each study are given in the relevant chapters.  
3.2 Research approach 
Research studies are designed to acquire knowledge in order to fill a gap in 
the literature or address a specific research question (Robson, 2011). 
However, the selection of the appropriate research techniques to obtain this 
data signifies only the final decision in the research design process 
(Saunders et al., 2012).  Using the metaphor of the ‘Research Onion’ (Figure 
3.1), the outer layers of the research onion, such as research philosophy, 
methodological choice and strategy all need to be considered in order to 
provide the context and boundaries within which data collection techniques 
and analysis procedures can selected.  
3.3 Research philosophy 
Four main research philosophies (Figure 3.1) have been identified by 
Saunders et al., (2012). The philosophy for this thesis are rooted within 
positivism in that, the role of the researcher is to propose theories and collect 
data to further understand the research area rather than reflecting the 
researchers own views and opinions. However, the philosophy of pragmatism 
is also adopted, in that the importance of the research is in the findings 
practical consequences.  As discussed in the Literature Review (Chapter 2), 
research into the plus size working population is relatively unchartered,  
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Figure 3.1 Research Onion paradigm (Saunders et al., 2012) 
 
with very limited research having been identified that explores the size and 
shape of this population and issues affecting them in the working 
environment. It is therefore vital that the research design should enable 
credible, reliable and relevant data to be collected that supports the 
subsequent action of supporting inclusion for plus size people at work.  
3.4 Methodological choice 
Research has historically been divided into two types; qualitative and 
quantitative (Creswell, 2013). More recently, a mixed methods approach has 
also been documented (Pluye, 2011). In quantitative research, links between 
two or more variables can be analysed to support an existing hypothesis 
(Golafshani, 2003). It usually involves collecting and converting data into 
numerical form so that statistical calculations can be made and conclusions 
drawn (Sale et al., 2002). However, some criticise quantitative research for 
failing to be applicable to real world situations (Robson, 2011).  
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In contrast, qualitative research emphasises the socially constructed nature 
of reality. It is concerned with recording, analysing and attempting to uncover 
the deeper meaning and significance of human behaviour and experience. 
Researchers are interested in gaining a rich and complex understanding of 
people’s experience and not in obtaining information which can be 
generalized to other non-specific larger groups (Golafshani, 2003).The mixed 
methods approach, involves using the method which appears best suited to 
the research problem (Morgan, 2007). Mixed methods researchers may 
therefore use methods, techniques and procedures typically associated with 
both quantitative and qualitative research. Different techniques may be used 
simultaneously or consecutively as appropriate.   
 
This thesis aims to identify issues affecting plus size people in the working 
environment and understand the size and shape of this population. In 
addition, it explores stakeholder preferences for a resource aimed at 
supporting inclusion (Chapter 1). This is achieved using a mixed methods 
approach to emphasize the research problem, to understand human 
experience and investigate potential solutions using a range of applications 
to do so (Cresswell, 2013). The adoption of a mixed methodology may also 
improve the validity of the research (Robson, 2011).  Defining validity as the 
extent to which the findings of the research are based on truth (Walliman, 
2006), the combination of both qualitative and quantitative data, constitutes a 
triangulation process.  
 
Table 3.2 details the three different classifications of carrying out research 
regardless of the approach adopted as identified by Robson (2011). As 
research into the plus size working population is a relatively new area of 
enquiry, identification of issues using a mixed methods approach is unique in 
the current literature. The nature of this research therefore, has been 
exploratory in that it has investigated emerging issues combined with an 
element of descriptive enquiry into the working environment for plus size 
people. 
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Classification Objective 
Exploratory To investigate emergent issues and 
seek new insights 
Descriptive 
 
To portray a situation or issue 
Explanatory Discussion and explanation of situation 
or issue 
Table 3.2 Classification of enquiry 
 
3.5 Research strategy 
Moving inwards, the next layer of the ‘Research Onion’ (Saunders et al., 
2012) is the research strategy. This layer indicates that researchers can use 
one or more strategies within their research design in order to answer or 
address the research question. Robson (2011) suggests that there are a 
number of research strategies available as either fixed in design or of a 
flexible design (Table 3.3). The mixed methods exploratory nature 
necessitates a flexible strategy, where the research is designed as a unique 
process aimed at answering each specific question rather than a 
predetermined and rigid process as followed in a fixed design strategy 
(Morgan, 2007).  
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Fixed Design Strategies Flexible Design Strategies 
Experimental Design 
 Researcher actively 
manipulates the variables to 
measure the outcomes 
 Selection of samples from 
known population 
 Testing of formal hypotheses 
 
 
Non Experimental Design 
 No manipulation of variables 
 Selection of samples from  
known population 
 Testing of formal hypotheses 
Case Study 
 One study of a specific case 
or small number of related 
cases 
 Takes context into account 
 Detailed collection of 
information via a range of 
data collection methods 
 
Ethnographic Study 
 Interest is in the experiences 
of a group or community 
 Immersion of the researcher 
in the setting 
 Use of participant observation 
 
 
Grounded Theory Study 
 Generation of a theory from 
data collected  
 Applicable to range of 
phenomena 
 Systematic but flexible 
Table 3.3 Possible research strategies (adapted from Robson, 2011)
3.6 Thesis specific research strategies 
In order to achieve the objectives of the research a number of methods are 
documented in the literature which may be applicable. The main points for 
each potential method, including advantages and disadvantages are mapped 
against the relevant objective and research question in Table 3.4.   
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Research Question Research Objective Potential Methods Selected Method Reasons for Selection 
Are there any issues 
affecting plus size 
people in the working 
environment? 
1. To undertake a 
literature review to 
understand the context of 
a plus size workforce 
 
Unstructured 
MMAT 
CASP tools 
Mixed Method Appraisal 
Tool (MMAT) 
Enabled the appraisal and description of the 
three main methodological approaches; 
qualitative, quantitative and mixed methods 
utilised within the literature excluding the 
need for three different appraisal tools 
2. To conduct a study to 
explore the issues 
affecting plus size people 
within the working 
environment 
 
Questionnaire based 
survey – self or researcher 
led completion. Postal or 
internet based 
Focus Groups/Interviews 
Observation 
Questionnaire based 
survey – self completion. 
Online distribution 
Allow anonymity 
Collection of large amount of data  
Low cost, short time period.  
Large geographically spread. 
Identify unknown issues/emerging areas for 
further research 
Is self measurement a 
feasible and acceptable 
method for collecting 
anthropometric 
measurements in the 
plus size working 
population? 
 
What are the 
anthropometric 
measurements of the 
plus size working 
population? 
3. To conduct an 
anthropometric study to 
understand the body size 
and shape of the plus 
size working population 
via the collection of key 
anthropometric 
measurements 
 
Standard protocol – utilising 
anthropometer, stadiometer 
and tape measure 
3D body scanner 
Self-measurement  
Self-Measurement – 
utilising self-instruction 
guide and tape measure 
 
 
 
Questionnaire 
Validated for population group (see Chapter 
5) 
Allows anonymity 
Facilitates larger participant number 
 
Triangulation – to promote validity 
What are the 
preferences for a 
resource used to 
support stakeholders in 
meeting the needs of 
plus size people in the 
working environment? 
4. To conduct 
stakeholder interviews to 
explore the requirements 
of a toolkit to support 
inclusion 
Questionnaire based 
survey – self or researcher 
led completion. Postal or 
internet based 
Focus Groups 
Interviews – structured, 
semi structured, flexible 
Interview – Semi 
Structured 
 
 
Questionnaire 
Flexible and adaptable method. Enables 
follow up/expansion of points of interest and 
truer assessment of respondent beliefs.  
Identify unexpected answers/area 
Triangulation – to promote validity 
Table 3.4   Potential and selected research strategy for each objective
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3.6.1 Questionnaire based survey  
A questionnaire based survey method (Chapter 4) was adopted in order to 
address the second research objective:  
 To conduct a study to explore the issues affecting plus size people 
within the working environment. 
Consisting of a series of questions and other prompts these are a widely 
used social research method for collecting data from and about people 
(Sharples and Cobb, 2015). The questionnaire may be either self- 
administered via post or internet, or may be delivered face to face or 
telephone based by the researcher known as an interview survey.  Many 
advantages and disadvantages are associated with questionnaire based 
surveys (Robson, 2011) including: 
Advantages 
 Provide a straightforward approach to the study of attitudes, beliefs 
and motives. 
 Collect generalised information from almost any human population. 
 High amount of data standardisation. 
 Acceptable at providing large amount of data at relatively low cost, in a 
short period of time (for self-administered questionnaire based 
surveys). 
 Allow anonymity which may encourage participation and openness (for 
self-administered questionnaire based surveys). 
Disadvantages 
 Memory, knowledge, experience motivation and personality of 
respondents will influence data. 
 Participants may report incorrect information regarding their beliefs or 
attitudes which can cause bias in the data. 
 Potential for non-representative sample. 
 Misunderstandings/ambiguity of the questions may not be detected. 
 
A number of questionnaires based within surveys have been documented in 
the literature as being relevant to the individual at work in terms of work 
ability, wellbeing at work, absenteeism/presenteism and pain (Table 3.5).  
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Author Year Measure  Sample 
includes 
plus size 
W
o
rk
 A
b
il
it
y
 
 
Eskelinen et al 1991 Work Ability Index (WAI) Yes 
Fischer et al 2006 Work Ability Index (WAI)  
Gharidia et al 2016 Work Ability Index (WAI) Yes 
Kaleta et al 2006 Work Ability Index (WAI)  
Laitenen et al 2006 Work Ability Index (WAI) Yes 
Martinez and 
Latorre 
2006 Work Ability Index (WAI)  
Monteiro et al 2006 Work Ability Index (WAI)  
Pohjonen 2001 Work Ability Index (WAI) Yes 
Punakallio et al 2004 Work Ability Index (WAI)  
Sjogren –Ronka 
et al 
2002 Work Ability Index (WAI)  
Tuomi et al 2001 Work Ability Index (WAI) Yes 
R
o
le
 F
u
n
c
ti
o
n
in
g
 a
t 
W
o
rk
 
Altshuler et al 2002 Life Functioning Questionnaire 
(LFQ) 
 
Amick et al 2000 Work Role Functioning (WRF)  
Beaton et al  2005 Work Limitations Questionnaire 
(WLQ) 
 
Burton et al  2004 Work Limitations Questionnaire 
(WLQ) 
 
Feuerstein et al  2005 Workstyle Scale  
Feuerstein et al 2006 Workstyle Scale  
Gignac et al 2004 Work Activity Limitations Scale 
(WALS) 
 
Osterhaus et al  2009 Work Activity Limitations Scale 
(WALS) 
 
Van Roijen  2007 Short Form Health Labour 
Questionnaire (SF- HLQ) 
 
P
a
in
 i
n
 W
o
rk
 
A
c
ti
v
it
ie
s
 
Caberlon et al  2013 Nordic Questionnaire for Analysis 
of Musculoskeletal Symptoms 
(NMQ) 
Yes 
Larsson 2001 Nordic Questionnaire for Analysis 
of Musculoskeletal Symptoms 
(NMQ) 
Yes 
Viester et al  2013 Nordic Questionnaire for Analysis 
of Musculoskeletal Symptoms 
(NMQ) 
Yes 
Q
u
a
li
ty
 
o
f 
L
if
e
 Caterson et al  2009 Health Related Quality of Life 
Short Form – 36 (HRQL SF-36) 
Yes 
Wang et al  2013 Health Related Quality of Life 
Short Form – 36 (HRQL SF-36) 
Yes 
Table 3.5 Questionnaires utilised in existing literature 
 
These questionnaires have been used for general populations (which may or 
may not include plus size as part of this population). However, as discussed 
in Chapter 2, no research has been identified that explores the issues 
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affecting UK plus size people in the working environment via qualitative 
methods, that is asking the plus size individual what affects them at work. 
Therefore, although using a previously published questionnaire may improve 
the validity and reliability of the data obtained, it would not suffice to address 
the research objective of this proposed research.  
 
Detailed methodology relating to the development and piloting of the 
questionnaire based survey as part of a scoping study to explore issues 
affecting plus size people within the working environment are described in 
Chapter 4.  
 
3.6.1.1 Observation as an alternative method to the questionnaire based 
survey 
Observation is a method of gathering data by watching behaviour, events or 
noting physical characteristics in their natural setting (Creswell, 2013).  Direct 
observation, that is watching interactions, processes or behaviours as they 
occur was also considered as a potential method to explore the issues 
affecting plus size people within the working environment (Objective 2).  A 
number of advantages and disadvantages are associated with observation 
(Robson, 2011; Saunders et al., 2012; Cresswell, 2013) including: 
Advantages 
 Directness – watch and listen rather than asking people about views, 
feelings or attitudes  
 Collect data where and when an event or activity is occurring 
 Technique is not dependent on memory, knowledge, experience, 
motivation and personality of respondents – inherent to other methods 
such as questionnaires and focus groups. 
 Can be used to complement information obtained from other methods 
 
Disadvantages 
 Impact of reactivity – that is the extent to which the presence of the 
observer affects the situation under observation  
 Time and resource intensive especially for widely dispersed or 
unknown populations 
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 Non-physical issues more difficult to detect and record 
 Does not increase understanding of why people behave as they do  
 Potential for non-representative sample 
Despite the documented advantages of this method and its use in previous 
design based studies (Molenbroek et al., 2011) observation was rejected in 
favour of the questionnaire based survey. This was due to accessing the 
widely dispersed and relatively unknown working environments of plus size 
people and importantly the negative effect that direct observation may have 
on the plus size individual (Puhl et al., 2009). In addition, because no 
research has been identified that explores the issues affecting UK plus size 
people in the working environment observation may result in failing to 
acknowledge the non-physical issues that are unknown to the researcher but 
experienced by the plus size individual.  
 
3.6.2 Methods for the collection of anthropometric data  
Anthropometry is the study of the physical, dimensional measurement of 
humans (Delleman et al., 2004) which can then be applied to the design of 
products and environments to ensure that they accommodate as many 
people as possible. Anthropometry of the user population is necessary to 
define many fundamental aspects of the working environment such as 
seating, working heights, equipment, and uniform as well as shared spaces 
such as corridors and toilets (Tokmakidis et al., 2012). How to use this 
anthropometric data, as well as access to existing anthropometric data 
sources and their limitations have been presented previously in Chapter 2. 
This section will focus on the potential methods for the collection of 
anthropometric data in a plus size population, in order to fulfil the fourth 
research objective: 
 To conduct an anthropometric study to understand the body size and 
shape of the plus size working (or previously working) population via 
the collection of key anthropometric measurements. 
Two main methods for the collection of anthropometric data are well 
documented in the literature; 
 Traditional method – utilising stadiometer, anthropometer, tape 
measure. 
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 Three dimensional method (3D) - utilising body scanners. 
 
These methods require standardised measurement protocols to improve the 
consistency of the measurement and reporting of anthropometric data. ISO: 
7250 ‘Basic Human Body Measurements for Technical Design’ (International 
Standardisation Organisation, 2015) standardises the language and 
measurements methods used in anthropometry. In addition, ISO:15535 
(2012) ‘General requirements for establishing anthropometric databases’  
provides the necessary information, such as characteristics of the user 
population, sampling methods, measurement items and statistics, to make 
international comparison possible among various anthropometric databases. 
 
Other methods such as photography and videos to measure body 
dimensions (in 2D or 3D) were also considered. These were rejected due to 
lack of available literature for comparison and being unacceptable to the 
targeted plus size population primarily as they wished to remain unseen 
(Masson et al., 2014).  
 
3.6.2.1 Traditional methods 
Traditional methods of collecting anthropometric data focus on the manual 
measurement of distances between bony or soft tissue landmarks whilst the 
subject adopts a standardised seated or standing posture (Kouchi et al., 
2011). Distances are measured using a variety of equipment; a stadiometer 
(height measure), an anthropometer; a tool having a rod and a sliding 
perpendicular arm to measure depths, widths or height, callipers; having two 
curved ends to measure curved body parts such as shoulder breadth and a 
tape measure to measure circumferences. These instruments provide 
measurements in one dimension (for example, buttock to front of knee 
length) or a two dimensional body feature along a plane, such as hip 
circumference.   
 
Advantageous of the traditional method of collecting anthropometric data 
include lower equipment cost when compared to 3D methods utilising body 
scanners, ability to transport equipment between locations (Pheasant and 
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Haslegrave, 2006) and in the case of this proposed research the flexibility to 
incorporate non-standardised measurements such as knee splay to 
represent the observed sitting position of plus size individuals (Sibella et al., 
2003). However, Kouchi et al., (2011) identified that the accuracy of manual 
measurements using traditional approaches were dependent on the expertise 
of the measurer and that there can be difficulty in identifying the correct 
position of bony landmarks which may reduce the accuracy of 
measurements. This may be particularly relevant in the plus size population 
due to an increase in adipose tissue masking the palpation of the bony 
landmarks (Olds and Honey, 2005).  
 
3.6.2.2 Three dimensional methods (3D)  
In contrast to traditional methods, 3D methods for collecting anthropometric 
data can be expensive, problematic to move and may require additional 
software to make use of the information. However, Sims et al., (2012) 
suggest that 3D body scanners may offer the opportunity to remove some of 
the inaccuracies of traditional anthropometric measurements. There are 
many types of 3D scanners in use (Table 3.6) but typically, a whole body 
scanner is an optical 3D measuring system that produces a digital copy of 
the surface geometry of the human body without physical contact with that 
body (Arezes et al., 2016). The subject being scanned usually wears 
standardised form fitting clothing during the process removing the need for 
physical contact during the measuring process; which is a disadvantage 
associated with the use of traditional techniques. However, this standardised 
clothing may be inappropriate for plus size individuals which itself may be 
prohibitive and additionally raise concerns with regards to privacy of data 
collection and storage. 
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Company Product Country Technique 
Cyberware WBX USA Laser Line 
4ddynamics EX Pro Belgium Structured Light Projection 
4ddynamics Gotcha Belgium Structured Light Projection 
Vitronics Vitrus Smart Germany Laser Line 
TC2 KX-16 USA Infrared 
Size Stream 3D body Scanner USA Infrared 
Space Vision Cartesis Japan Laser Structured Light 
Table 3.6 Available 3D scanners 
 
A number of studies have compared traditional anthropometry data collection 
methods with data collected via 3D body scanners and are summarised in 
Table 3.7 However, no studies have been identified that compare traditional 
versus 3D measurement techniques that include all of the proposed 
anthropometric measurements required for this thesis. Interesting, some 
studies suggest that an increased body fat leads to greater differences 
between 3D and traditional measurements especially on torso and 
circumference dimensions. This impacts on the reliability of 3D methods for 
collecting anthropometric data in this proposed research due to the target 
population being plus size and a measurement set which includes torso 
(abdomen, chest) dimensions and circumference measurements.  
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Author  Title Year Main Aim Sample Findings Comments 
Brooke Wavell et 
al 
 
Reliability and 
repeatability of 3D 
body scanner 
measurements 
compared to 
traditional 
anthropometry 
2004 Comparison of LASS 
measurements with 
anthropometric 
measurements and 
examines intra- and inter-
observer differences of both 
techniques. 
n=10 (male and 
female). 7 body 
dimensions 
measured 
Small but significant (p < 
0·05) differences at some 
sites. Females: neck and 
chest circumference, waist 
width depth and height. 
Males: waist depth. 
Repeatability of 3-D 
measurements was no 
better than that from 
traditional anthropometric 
measurements  
Small sample size, 7 dimensions studies. 
Not plus size specific 
Acknowledges multiple uses of 3D scan 
data 
 
Suggests differences were due to  
difficulties in making horizontal tape 
measurements, and by differences in site 
location on LASS scans due to imperfect 
site markers 
Han et al 
. 
Comparative 
analysis of 3D body 
scan 
measurements and 
manual 
measurements of 
size in Korean 
women 
2010 Determine the differences 
between manual 
measurement and 3D body 
scan measurements. 
n= 1704 females 
between 20-75 
yrs of age from 
Korean Sizing 
survey 14 body 
measurements 
recorded 
 
Torso circumferences 
differed significantly 
between measurement 
methods. Increase BMI 
resulted in increase in 
differences of all 
circumferences.  
Effect of BMI on 3D measurements due to 
landmark identification. 
Female only subjects 
Korean sample. 
Sims et al Collection of 
anthropometry from 
older and 
physically impaired 
persons: traditional 
methods versus TC 
3-D body scanner 
2011 Determine the differences 
between manual 
measurement and 3D body 
scan measurements in less 
able individuals 
n=54 males and 
females. 18 
years and above 
Able bodied or 
degree of 
disability. 
Significant differences found 
for 5 out of 7 body 
measurements.  
Broad representative sample of ability 
BMI not documented. 
Only 7 measurements compared. 
Landmark limitations. 
Noted practicalities of using 3D scanner for 
less able bodied is problematic. 
Zwane et al  
.  
A preliminary 
comparative 
analysis of 3D body 
scanner, manually 
taken body girth 
measurement and 
size chart 
measurements 
2010 
 
Comparison of scanned and 
traditionally measured body 
girth measurements   
n=56 females Significant differences in 
waist and hip 
circumferences between 
scanned and measured 
methods. Differences 
increased with increasing 
body fat.  
No discussion of role of scanning garments 
in compression of soft tissue and change of 
landmarks. 
Only hip and waist circumference compared. 
 
 Table 3. 7 Example of comparison studies between traditional and 3D anthropometry measurement methods
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3.6.2.3 Rationale for the data collection method selected  
Following a review of the literature, the traditional method for the collection of 
anthropometric data (using stadiometer, anthropometer and tape measure) 
was thought most suitable for the studies in Chapters 5 and 6. An emerging 
potential method for the collection of anthropometric data is self-reported 
measurement using traditional techniques (Rastrollo, 2011, Kouvonen, 
2013). Although literature is limited and focuses on primarily stature and 
weight rather than a range of dimensional measurements, this method will be 
considered as a way of collecting anthropometric data from the plus size 
population due to preferences expressed by the target population and the 
potential for the advancement of knowledge in this area. This is discussed in 
Chapter 5.  
 
In summary, the reasons for using the traditional method include: 
 Access to equipment required. 
 Portability of equipment – important due to widespread location of 
population and to increase participation rates. 
 Reliable/valid method for plus size population – when researcher is 
experienced in plus size landmark identification. 
 Reduces issues of data protection/privacy inherent with shared 
equipment/ software. 
 No upper limit to shape or size of participants due to limitations of 
equipment (3D scanners are enclosed and require changing areas). 
 Potential to explore self measurement using traditional methods - an 
emerging issue raised in scoping study.  
 Knee Splay – possible to include new measure of knee splay into 
measurement set and this is measured using an anthropometer. 
 
Detailed methodology relating to the anthropometric measurements selected, 
sampling, equipment and data collection procedure are discussed for each 
study in the relevant chapters – Chapter 5 and Chapter 6.  
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3.6.3 Semi structured interview  
Semi structured interviews were used to meet the fifth research objective:  
 To conduct stakeholder interviews to explore the preferences for a 
resource to support inclusion for plus size people in the working 
environment.  
 
Structured, and unstructured interview techniques were also considered 
(Figure 3.2). However, the flexible and adaptable nature of the semi 
structured approach enabling the researcher to modify the line of enquiry in 
response to interviewee comments was deemed beneficial in capturing the 
broad and potentially unknown requirements of the stakeholder.  
 
 
 
 
Figure 3.2 Types of interview structure  
 
Focus groups were also considered as an alternative method of capturing 
stakeholder views. This is an efficient technique for qualitative data collection 
as the amount of data is increased by collecting from several individuals 
simultaneously with the advantage of assessing the extent to which there is a 
shared or consistent opinion (Robson, 2011). However, the logistics of 
timetabling focus groups to accommodate busy professionals was deemed 
Structured Interview: 
Predetermined questions with fixed 
wording, delivered in a pre-set order. 
Answers can be reliably aggregated and 
comparisons made with confidence 
between participants. Similar to survey 
based questionnaire although may include 
more open response questions. 
Semi Structured Interview:  
Used widely in multi strategy 
designs. Interviewer has certain 
topics/questions and seeks to get 
responses from them but freedom 
to modify sequence, adjust wording 
and change amount of time given 
to each question depending on 
answers given. 
Appropriate when researcher has 
knowledge of subject 
matter/research process.  
Schedule typically involves; 
 Welcome/introductory 
comments 
 List of topic headings – 
questions 
 Set of prompts for each topic 
heading 
 Closing comments 
 
Unstructured Interview: 
Interviewer states area of interest. Non 
standardised, open ended and in depth. 
Let conversation develop and may be 
informal. 
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prohibitive. To assist with facilitating participation, it was decided that the 
option would be given to participate in either a telephone based or face to 
face semi structured interview. Detailed methodology relating to the 
development, structure and piloting of the semi structured interview are 
discussed in Chapter 7.  
3.7 Timescale 
The final layer of the Research Onion (Saunders et al., 2012) before reaching 
the centre, highlights the time horizon over which the researcher undertakes 
the research. Where research is undertaken to answer a question or address 
a problem at a particular time (as in this thesis), rather than studying 
individuals or interventions over a long period of time, the research can be 
deemed as cross sectional or giving a ‘snapshot’ of the current situation. 
Specific timescales for each study are given in the relevant Chapters.  
3.8 Sampling strategy 
The design of a sampling strategy for quantitative and qualitative research is 
vital as a well-defined strategy that utilises an unbiased and robust frame can 
provide unbiased and robust results (Golafshani, 2003). The sampling 
strategy of the research process is linked with the external validity of the 
findings, which enables the findings to be generalised from the study sample 
to the population (Robson, 2011). There are a number of different sampling 
strategies defined in the literature (Table 3.8).   
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Sampling Strategy Description 
Simple random sampling  Random selection of subjects for the sample from 
a population list.  
 Each subject has equal chance of being selected 
 Strong chance of getting a representative sample 
of the population 
Systemic sampling  Selecting every ‘nth’ name form  a population list 
Depending on sample size needed 
 List should be organised in a way not related to 
the study aims/objectives 
 Relies on true and complete population list 
Stratified Random 
Sampling 
 Dividing the population into a number of groups 
called strata 
 Subjects in each strata share characteristic e.g. 
gender, age range,  
 Random sampling of each strata to select subjects 
 Used when it is though that characteristics of a 
group may have an effect of the data being 
collected 
Cluster sampling  Dividing the population into a number of clusters, 
each of which has individuals with a range of 
characteristics 
 Clusters are then randomly selected and then the 
sub population within the cluster is identified 
 Useful when a full population list is not available  
Quota sampling  
 
 Aims to obtain representatives of various sections 
of the population in relative proportions to how 
they occur 
 Within each category convenience sampling is 
applied 
 Subject to bias 
Convenience Sampling  Choosing the most convenient people to act as 
respondents (e.g. nearest, known to researcher) 
 Process continued until sample size is reached 
 Subject to bias but widely used 
Purposive Sampling  Subjects chosen based on researchers judgement 
of their suitability  
 Enables researcher to satisfy specific needs of the 
research 
 Subject to bias but widely used 
Snowball Sampling  Researcher selects individual from population of 
interest  
 Then used as informants to identify other 
members of the required population 
 Useful when population is hidden or unknown 
Table 3.8 Summary of sampling strategies utilised in research (adapted Robson, 2011)
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For the studies reported in this thesis, a selection of non probability sampling 
strategies were used. Non probability sampling is adopted when it is not 
possible to specify the probability that any person will be included in the 
sample (Saunders et al., 2012). Because there are no up to date population 
lists accessible to the researcher that are relevant to the study (in terms of 
body and shape and size) the magnitude of the population is relatively 
unknown. In addition, to maximise response rate in the scoping study of plus 
size workers (Chapter 4) and participation in the two measurement studies 
(Chapter 5 and Chapter 6) convenience sampling with a combination of 
purposive and snowball sampling was used. The interviews in Chapter 7 also 
adopted purposive sampling in order to fulfil the inclusion criteria within the 
constraints of the timescale of the research. Specific details of the sampling 
strategies and discussion of the implications on the findings of the research 
including limitations are given in the relevant chapters.  
3.9 Summary 
Designing research to answer a question or address a problem is 
constrained both by what is practicable and of equal importance, what is 
ethical (Saunders et al., 2012). This chapter has identified and summarised 
the methods selected for this thesis (Table 3.4) and has discussed why other 
potential methods for example observation have been discounted. This has 
helped to ensure that the data collection techniques and analysis procedures 
used in the research undertaken are both appropriate and coherent to the 
aim of the proposed research. 
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4. Scoping Study  
4.1 Introduction 
The measurement of body composition and size, combined with the effects of 
being plus size on function and workability have been reviewed in Chapter 2. 
Methodological approaches for including plus size people in workplace 
design using a mixed methods approach have been discussed in Chapter 3.  
It has been determined from the literature, that although there is an 
increasing amount of research concerning the functional differences and 
limitations between a non plus size and plus size person performing an 
isolated work task (for example, forward reaching) no studies have been 
identified that explore issues affecting plus size people specifically at work 
utilising qualitative methods. This chapter presents the methodology and 
results of a scoping study which aims to explore workplace issues for plus 
size people. It will seek insights for further research. 
4.2 Aims and objectives 
The focus of this chapter is to understand the experiences of plus size people 
at work. To achieve this, a questionnaire based survey was conducted with 
the following objective: 
 To explore issues affecting plus size people within the working 
environment.   
 
4.3 Research method 
4.3.1 Questionnaire based survey design and rationale 
The questionnaire titled ‘plus size people at work questionnaire’ (Appendix 
4.1) was developed to explore issues affecting plus size people within the 
working environment. It was developed from information gained and 
questions raised from the literature review in Chapter 2.   
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The questionnaire had six sections with each section having a specific focus 
(Figure4.1).
 
Figure 4.1 Focus areas of plus size people at work questionnaire 
 
Section one, was designed to obtain factual information about the 
participant's main job, including job title, size of organisation/company, main 
place of work (home or site based). These questions were asked to gain an 
insight into the type of work that they were undertaking, to ascertain the 
spread of employment sectors (for example healthcare, retail) and to explore 
whether any issues were more prevalent in different types of organisations. 
In addition, participants were asked about home based working as previous 
research suggests that such individuals are able to adapt their environment 
to suit their needs without the constraints of an organisation (Wells et al., 
2007).  
 
No literature has been identified asking plus size people whether they have 
any issues with the equipment, tools or furniture they interact with within their 
working environment. Therefore, this question was the focus of Section two.  
Specific options related to seat size, height of desk, space in working area 
and fit of uniform or PPE (such as high visibility jacket) were included as they 
cover the main physical aspects of the working environment (Pheasant and 
Haslegrave, 2006;  HSE,  2013; Feathers et al., 2015). The potential to have 
a degree of control over an individual working environment, such as selecting 
a chair or organising the immediate working area is also an important factor 
in employee satisfaction and comfort (Wells et al., 2013). 
 
Section three, focused on issues experienced by the plus size person 
interacting with the wider working environment and shared spaces. This 
Plus size people at work  
questionaire
1. Factual job 
information
2. Equipment, 
tools, furniture
3. Working 
environment
4. Workplace 
attitudes
5. Most like to 
change
6. Demographic 
data
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included seat size in shared spaces, corridors, stairways, lifts and toilet 
cubicle size.  A separate question was also asked on temperature in the main 
work area. Although being an important factor in workplace design (Wells, et 
al., 2013; HSE, 2013), the literature lacks consensus; being plus size is 
linked to both a reduction in core body temperature (Grimaldi et al., 2015) 
and a higher perceived body temperature and excessive sweating (Casa et 
al., 2005). Thermal comfort is very difficult to define, as you need to take into 
account a range of environmental, work-related and personal factors when 
deciding what makes a comfortable workplace temperature. Therefore, a four 
part question was included to identify as far as possible, if any issues with 
temperature were due to the individual (too cold or too hot regardless of the 
weather) or the working environment.  
 
Section four focused on workplace attitudes towards plus size people. Using 
statements identified in the literature as being relevant to plus size people at 
work including organisational issues (stigma, opportunities for job 
advancement) and workability issues (fatigue, productivity, absenteeism), 
participants were asked to indicate the extent to which they agreed or 
disagreed with each of the statements. A question directly related to how the 
respondent felt plus size people were viewed at work from different 
viewpoints was included (Puhl, 2008). A further question related to 
workability or how able they felt to complete the physical and mental 
demands of their job was also included. This question was taken from the 
‘The Workability Index’ questionnaire (Tuomi et al., 1998.)  
 
The fifth section of the survey enabled participants to indicate up to three 
aspects of their work they would like to change. The aspects were based on 
the findings from the literature review and on top level issues covered in the 
previous sections of the questionnaire. Ten options were listed, focussing on 
both the physical and non-physical elements of the working environment, for 
example ‘seating (chairs, stools or car seats)’, ‘fit of uniform provided’ and 
‘attitudes of colleagues / managers to plus size’. The eleventh option was to 
choose ‘other’ and comment as necessary. As questionnaires frequently 
raise a significant number of areas for further investigation (Robson, 2011) 
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selecting three issues was incorporated to determine which issues were of 
most concern to the respondents and enable issues to be prioritised in future 
research.  
 
The final section, consisted of questions to collect demographic data.  As it is 
suggested that most respondents would prefer not to give their personal 
details when completing questionnaire based surveys (Robson, 2011) 
participants were not required to give their name or date of birth.  Tick boxes 
were instead used to indicate gender and age range (18-24, 25-44, 45-64, 65 
or older). Age ranges were based on ranges used in existing anthropometric 
sources such as Bodyspace (Pheasant and Haslegrave, 2006). Country of 
residence was asked as the sampling strategy would potentially extend 
outside of the United Kingdom (UK). All participants were asked to give a UK 
based clothes size and a comprehensive size conversation chart was 
included to enable participants from outside of the UK to do this. Clothes size 
was asked to gain an understanding of the size of the participants. Clothes 
size was used instead of asking for weight, or Body Mass Index (BMI) as 
requesting participants to indicate their weight has been found to reduce 
response rate to questionnaire based surveys (Hidiroglou et al., 1993). In any 
case, weight is frequently under reported and height over reported 
(Kouvonen, 2013) which may subsequently result in inaccurate BMI’s.  
Therefore, to maximise response rate and ease of completion for 
participants, clothes size was deemed appropriate to gain an understanding 
of body size. 
 
The questionnaire was designed to take between five and ten minutes to 
complete. The wording avoided leading questions as far as possible, and 
participants were reassured prior to completing it that there were ‘no right or 
wrong answers’ encouraging them to respond freely and honestly. Mainly 
closed response questions and rating scales were used to encourage 
responses and assist in the analysis of results (Robson, 2011).  There was 
the option to respond as ‘not applicable’ to questions in order to improve 
response accuracy.  All sections included an option to select ‘other’ and 
space for respondents for expand upon their answer. This was to capture as 
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many issues as possible that affect plus size people within the working 
environment. Throughout the questionnaire, participants were prompted to 
respond based on their current shape and size and in their current working 
environment to explore issues that were specific to being plus size. Although 
no identifying personal details were required from the participants, there was 
an option to give their contact details to receive the results of the study or be 
involved in further research activities. 
 
An online questionnaire via Survey Monkey was considered the most 
appropriate method for this large scale data collection. As well as allowing 
participants the opportunity to complete the questionnaire at a convenient 
time thus minimising interviewer effect (Robson, 2011), an online 
questionnaire offers statistically shorter response times and faster data 
collection combined with lower monetary and time costs than other potential 
data collection methods such as focus groups, interviews or observational 
studies. The ‘plus size people at work questionnaire’ was reviewed and 
granted ethical approval by Loughborough Design School, Loughborough 
University (December 2013).   
4.4 Pilot study 
The questionnaire was tested in a pilot study to check the: 
 clarity of the wording of the questionnaire 
 structure of the questionnaire 
 responses were as anticipated  
 time taken to complete the survey   
 data analysis strategy 
 
4.4.1 Participants 
A convenience sample of 10 plus size participants (5 male, 5 female) 
completed the pilot study. Convenience sampling is seen as an acceptable 
sampling method for a pilot study (Robson, 2011). 
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4.4.2 Findings/modifications 
The responses were appropriate and minor changes were made to the 
wording of one question. The average time taken to complete the 
questionnaire was 6.5 minutes (range from 3-15 minutes). For a copy of the 
final questionnaire see Appendix 4.1.  
4.5 Data collection  
The questionnaire was distributed using an online survey tool, Survey 
Monkey over a 3 month period concluding on 31st March 2014.  All 
respondents were informed of the background and purpose of the scoping 
study and how the results would be used prior to indicating their consent.  
 
4.5.1 Sampling strategy  
Various sampling techniques were considered for use in this study and are 
discussed in Chapter 3. Due to the target population being relatively 
unknown and potentially so widely dispersed, the questionnaire based survey 
took on a non-probability sampling strategy using a combination of 
‘purposive’ and ‘snowball sampling’ (Robson, 2011). From the literature and 
via personal contacts, a number of individuals were identified and 
approached to complete the online questionnaire and then act as informants 
to identify other plus size people and snowball the questionnaire. Links to the 
questionnaire were also placed on several online forums; 
 www.bigmatters.co.uk  
 www.ukbigpeople.co.uk   
 www.netmums.co.uk    
 www.fatlotsheknows.co.uk  
This enabled individuals who fulfilled the inclusion criteria, to complete the 
questionnaire via self-selection. 
The inclusion criteria for recruitment were that participants were:  
 Aged 18 years of age or above 
Rationale: younger than 18 years of age were considered vulnerable 
populations by Loughborough University Ethical Advisory Committee 
(LUEAC). 
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 Working (or had worked in the 12 months prior to the study) either on 
an employed or self-employed basis 
Rationale: (1) experience of interacting with workplace equipment, 
products, tools and recall issues/challenges in the workplace.  
(2) distinguish between bariatric hospital based community and plus 
size individuals at work.   
 Self-Classification of as ‘plus size’ or ‘larger than average’ 
Rationale: to identify factors related to being plus size. 
 
With the aim of collecting a wide range of responses, and difficulty in 
controlling snowball sampling, participants from outside of the UK were not 
excluded. Due to the sampling strategy, it is possible that the sample is not 
fully representative of the plus size working population. Although accepting 
that the interpretation of results should be viewed with caution it was seen as 
an acceptable sampling technique as the scoping study focus was on 
exploring the topic rather than making statistical generalisations and specific 
recommendations.  
4.6 Data analysis 
The majority of questions were quantitative, closed questions and therefore 
were analysed using descriptive statistics such as percentages and 
frequencies. Two questions were open ended; these responses were coded 
thematically to identify recurring issues affecting plus size people within the 
working environment.   
 
Responses were received from 135 people although not all the participants 
completed all questions on the questionnaire based survey (response rate is 
indicated for each question). Incomplete questionnaires were still included to 
explore the extent, range and nature of the issues affecting plus size people 
within the working environment. 
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4.7 Results 
This section details the demographics and findings from the survey 
presented via the main themes of; 
 equipment, tools and furniture  
 the working environment 
 workplace attitudes 
 workability 
 aspects most like to change. 
 
4.7.1 Demographics 
96% of participants were female (n= 129) and 4% of participants were male 
(n=6). 71% of participants were in the 25-44 year age range. 5% were aged 
between 18 -24 years and 24% aged between 45- 65 years (Figure 4.2). No 
participants were over 65 years of age.  
 
 
Figure 4.2 Age range of participants (n=93) 
 
Online responses were received from 9 different countries. 79% of 
participants were from the United Kingdom (Table 4.1). 11% of participants 
(n=14) worked mainly from home. Only 6% of participants (n=8) stated the 
5%
71%
24%
Age range of participants
18-24yrs 25-44yrs 45-65yrs
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size of the organisation they worked for; 2 participants worked for an 
organisation with between 10-49 employees, 2 participants worked for an 
organisation with between 500-2499 employees, 2 participants worked for an 
organisation with over 2500 employees, with a single participant working for 
an organisation with less than 9 employees and a single participant worked 
alone.  
 
 
Country Sample Size % of participants 
United Kingdom 79 79% 
United States (USA) 10 10% 
Sweden 2 2% 
Germany 2 2% 
Ireland 2 2% 
United Arab Emirates 2 2% 
Canada 1 1% 
Qatar 1 1% 
New Zealand 1 1% 
Table 4.1 Country of residence of participants (n=100) 
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100% of respondents were in either full time of part time work and 100% 
classified themselves as plus size. Female participants ranged in UK clothes 
size from size 18 to size 36 (Figure 4.3). The mode was clothes size 22 with 
31% reporting generally wearing this size.  
 
 
Figure 4.3 Clothes size of female respondents (n=75) 
 
 
Of the six male participants, 68% (n=4) generally wore UK size 3 extra large 
(3XL), 16% (n=1) wore 4XL and 16% (n=1) wore 6XL.  
 
Female participants who indicated their height (n=89) ranged from 1490mm 
to 1709mm. Male participants who indicated their height (n=6) ranged from 
1740mm to 1830mm.  
 
Despite the relatively large sample size of 135, due to the small response 
rate of male participants (n=6), the results from males and females have 
been combined and will be discussed in the subsequent sections.  
 
8%
21%
31%
23%
17%
UK clothes size
L ≡ Dress size (UK) 18
XL ≡ Dress size (UK) 20
XXL ≡ Dress size (UK) 22
XXXL ≡ Dress size (UK) 24
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4.7.2 Equipment, Tools and Furniture 
Participants were asked if they were currently experiencing any problems 
with the equipment, tools and furniture used at work; specifically related to 
seat size, height of working surfaces, space in working area, fit of uniform 
and fit of personal protective equipment (PPE). 
 
Figure 4.4 Currently causing problems at work (n=115) 
 
 
29% of participants reported problems with the seat size, for example, chairs, 
stools or car seats utilised within the working environment (Figure 4.4).  
Nearly a quarter of the participants (24%) indicated concern about space in 
their working area impacting on their ability to move around without 
hindrance. The height of working surface (required for legroom clearance) 
was reported by 17% of participants as problematic.  
 
Although fit of uniform was not applicable to all participants, 51% of those 
required to wear uniform (27 out of 53) supplied by their organisation 
reported that this caused them problems. Similarly, 41% of plus size people 
(23 out of 56) reported the fit of PPE such as high visibility jackets and gloves 
in the workplace as a cause for concern. Of the responses to the open ended 
question, ‘Do you have any other comments, questions or concerns relating 
to being a plus size person at work?’ 20% of the responses related to fit of 
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uniform and PPE. For some participants (n=4) their company did not use a 
stockist supplying uniform in plus size. The tight fit of high visibility jackets, a 
form of PPE, resulted in 2 participants being unable to wear them at work 
leading to concerns over worker safety.  
 
4.7.3 Working environment 
Only a small percentage of participants reported experiencing problems with 
the width of staircases (8%), width of lifts (9%) and size of lifts (10%). 30% of 
participants identified that seat size (in shared areas) were causing problems 
and similarly 29% reported problems with seat size in individual working 
areas. This suggests that for the participants, problems with seat size are 
present within different areas of the working environment. Toilet cubicle size 
was reported as the most problematic for these participants with 42% 
expressing that it was currently an issue (Figure 4.5).15% of respondents 
(n=9) indicated that ‘other’ elements of working environment were causing 
problems at work. These related to inability to fasten the seat belt in the 
company car (n=9), space in photocopier room (n=2), orientation of arm rests 
reducing usable seat size (n=2), difficulty moving between rows of fixed seats 
(n=2) and the height of the toilet seat (n=1).  
 
When asked about the temperature in the main working area, 33% of 
participants strongly agreed and a further 42% agreed that they were often 
too hot in warm weather (75% in total). In comparison, only 11% either 
disagreed or strongly disagreed that they were often too hot in warm 
weather. 
 
 72 
Figure 4.5 Currently causing problems at work (n=105) 
 
 
Due to the complex nature of measuring thermal comfort a further three 
questions relating to temperature were asked and the responses are shown 
in Table 4.2.  
 
 Response 
Strongly 
agree 
Agree Neither  
agree nor 
disagree 
Disagree Strongly 
disagree 
I am often too hot in warm 
weather 
32% 42% 14% 10% 2% 
I am often too hot in cold 
weather 
12% 21% 23% 40% 4% 
I am often too cold in warm 
weather 
1% 5% 23% 47% 24% 
I am often too cold in cold 
weather 
9% 21% 28% 32% 10% 
Table 4.2 Temperature in main work area (n=105) 
 
 
Only 30% of participants reported being too cold in cold weather suggesting 
that being too hot is more prevalent in the working environment for these 
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participants. Indeed 33 % of respondents reported often feeling ‘too hot’ even 
in cold weather.   
 
Of the responses to the open ended question, ‘Do you have any other 
comments, questions or concerns relating to being a plus size person at 
work?’ 3 responses reported that finding work wear suitable for plus size 
people in warmer weather was problematic. Therefore, this may be a 
contributory factor to thermal comfort.  
 
4.7.4 Workplace attitudes 
Perceptions of attitudes towards plus size people from both internal sources 
(such as colleagues, managers) and sources external to their organisation 
(such as customers or suppliers) were reported.  98 participants replied to 
the question about whether as a plus size person, they felt they were viewed 
positively by colleagues, line managers and senior managers within their 
organisation. Nearly half (46%) disagreed or strongly disagreed that they 
were viewed positively by colleagues. In addition, 42% disagreed or strongly 
disagreed that they were viewed positively by line managers and 47% 
disagreed or strongly disagreed that they were viewed positively by senior 
managers. With respect to attitudes towards plus size people by those 
outside of their organisation/company, 39% disagreed or strongly disagreed 
that they felt they were viewed positively by the customer. This was similar 
for suppliers and/or external organisations with 34% disagreeing or strongly 
disagreeing that they were viewed positively.  However, the respondents 
indicated that in relation to customers (45%) and suppliers/external 
organisations (55%) they neither agreed nor disagreed with the statement 
that plus size workers were viewed positively suggesting a neutral attitude 
Less positive attitudes were therefore perceived to be more prevalent in 
colleagues and managers within the participants own organisations rather 
than from external contracts.  
 
4.7.5 Workability 
Perceived workability (as defined in Chapter 2 and discussed previously in 
section 4.3.1) rated highly amongst participants in terms of the physical and 
mental demands of their job (Figure 4.6). 41% rated their work ability as very 
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good and 36% as rather good with respect to the physical demands of their 
job compared with only 2% and 5% reporting work ability as very poor or 
poor respectively. This trend was similar for the mental demands with 84% 
reporting it as very good or rather good.  
 
Figure 4.6 Workability (n=98) 
 
Despite high levels of work ability, nearly half of respondents (44%) felt they 
tired more easily because of their shape/size. However, the question did not 
explore whether this was due to the physical or mental demands of their job 
or other additional factors and how if at all, this impacted on their job. 
 
4.7.6 Aspects participants would ‘Most Like to Change’ 
In the final question, participants were asked to indicate up to three aspects 
of their work that they would like to change (Figure 4.7). Participants were 
requested to leave this question blank, if there were no aspects of their work 
they would change. No participants chose this option.  
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Figure 4.7 Aspects most like to change (n=98) 
 
 45 % of participants would like to change the temperature of their 
working environment. 
 39% of participants would like to change the attitudes of colleagues 
and managers within their working environment.  
 34% included the size of the toilet cubicle and/or seating size (for 
example, chair, stools, car seat) as aspects they would most like to 
change. 
 22% and 10% of participants included fit of uniform and PPE 
respectively. From the 62 participants who identified uniform and PPE 
as relevant, 40% (n= 25) included it as an aspect they would most like 
to change.  
 
Other aspects included as most like to change were lack of space in the 
working environment specifically the photocopier room, squeezing past rows 
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of seats and desks which resulted in embarrassment and the fit of the seat 
belt in the company car.   
4.8 Discussion   
The aim of the scoping study was to explore issues affecting plus size people 
at work and within the working environment. The results highlight some 
interesting issues that concur with the literature review such as workplace 
attitudes experienced by plus size people. However, a number of new areas 
of interest such as the fit of workplace equipment, uniforms and PPE and the 
issue of space at work were also identified.  
 
4.8.1 Issues relating to fit  
Seat size within the individual working area and the seat size of toilets and in 
shared spaces such as cafeterias, meeting rooms and company cars were 
reported as problematic.  The purpose of a seat is to provide stable bodily 
support in a posture that is comfortable, physiologically satisfactory and 
appropriate to the task (Pheasant and Haslegrave, 2006). Seat design relies 
upon understanding the anthropometric data of users but these results 
suggest that the current anthropometric data in use may not reflect the 
working population. Although no anthropometric measurements were 
collected in the scoping study (apart from stature), participants were asked to 
provide their UK clothes size. This was asked in preference to weight, to 
indicate size/shape and to promote participation in the survey as requesting 
weight has led to a lower response rate in previous research (Proper et al., 
2012). The most frequent female clothes size, was size 22 which correlates 
to a waist circumference of 1050mm and a hip circumference of 1305mm. 
These measurements are substantially greater than the measurements 
detailed in anthropometric data tables for the 95th percentile female of 
957mm and 1157mm respectively (Peebles and Norris, 1998). Therefore, the 
majority of the female participants (71%) in this scoping study would have 
potentially been excluded from design.  When considering benches or other 
seats where people sit in a row, for example cafeterias and lecture theatres, 
Pheasant and Haslegrave (2006) suggests that the breadth of a 95th 
percentile couple is less than twice that of a 95th percentile individual. This is 
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because the probability of two 95th percentile individuals sitting together is 
less than one in four hundred. However, with the majority of the UK 
population (61%) being overweight or obese (DoH, 2015) and classed as 
plus size, this probability would be significantly increased suggesting that this 
scenario is no longer valid. The stature of all of the participants that indicated 
their height (n=95), fell within the existing 5th to 95th percentile range 
(Pheasant and Haslegrave, 2006). This suggests that the desire to see 
improved seating was not due to excessive stature but instead due to being 
plus size. There is therefore a requirement to further understand the 
anthropometric measurements of the plus size working population in order to 
reduce the risks of inadequate seating such as increased postural stress and 
WMDS (Park et al., 2009) and increase user satisfaction and comfort.   
 
The fit of uniform and PPE was an issue for participants and 40% (for whom 
it was applicable) wanted to see changes. Schulte et al., (2007) suggested 
that if PPE is poorly fitting, this will impact on compliance in use and fail to 
provide the protection as intended. Both have serious safety implications. 
This was highlighted by comments made in the scoping study questionnaire 
such as;  
 
“my high visibility jacket is so small I can’t move in it, so I take it off’” 
(female, aged 25-44) 
 
In addition, a number of additional comments related to the fit of the uniform 
or the poor availability of ‘employer provided’ plus size work wear, were 
raised by participants. Uniforms can make employees feel that they are part 
of a team, which can foster a sense of pride in their jobs and the company 
(Kaplan, 2000). However, if the uniform provided does not fit the plus size 
worker or is not available to order in their size, this may lead to the opposite 
effect where these employees feel outside of the team. This goes against the 
aims of inclusive design and may increase the risk of weight stigma (Section 
2.4.5) which has been shown to  impact on emotional health and wellbeing 
(Lewis et al., 2011). Similar to the design of workplace equipment, tools and 
furniture, the provision of well-fitting PPE and uniform also requires a 
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comprehensive understanding of the anthropometry of the plus size working 
population.  
 
4.8.2 Issues relating to space 
Places where people work, including shared areas should have enough free 
space to allow people to move about with ease (Management of Health and 
Safety at Work Regulations; HSE, 1992). However, respondents reported 
that circulation spaces such as cafeterias and meeting rooms, and space 
within their own working areas were problematic. In order to avoid 
unintentional contact, for example when walking between rows of tables in a 
cafeteria, the design criteria is commonly set at accommodating the largest of 
the population, 95th percentile user (Peebles and Norris, 1998). However, as 
mentioned previously, 71% of the participants exceeded the current 95th 
percentile measurement for waist circumference.  This may be even more 
apparent in environments where there is fixed furniture as highlighted by 
comments in the questionnaire;  
 
‘‘Lecture theatres are incredibly problematic as they tend to have fixed 
desks - either in long rows or attached to each chair. These rarely 
accommodate larger bellies and so I often either cannot use the desk, 
or in worst case scenarios cannot fit comfortably into the row of seats’’ 
(female, aged 18-24) 
 
‘‘there is a pillar in the way and I have to squeeze past my boss' chair 
to get out of our bank of desks – that’s uncomfortable and 
embarrassing’’ (male, aged 45-64)  
 
This again highlights that the design of the working environment based on 
currently used but outdated anthropometric data may result in exclusion for 
the plus size person. 
 
The literature (Section 2.4) has highlighted that plus size people may adopt 
altered working postures and movement strategies in order to achieve the 
task demands, for example a wider stance in standing and during the stance 
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phase of the gait cycle (Capodaglio et al., 2010). This may offer some 
explanation as to the reasons why space within the respondents own working 
area was reported as problematic. In order to accommodate a larger 
abdomen, plus size individuals typically positioned themselves further away 
from their working surface (Vismara et al, 2010). This immediately increases 
the amount of space required by the plus size person to achieve the task. An 
appreciation of the functional requirements of the plus size person in 
combination with anthropometric data is urgently needed.  
 
4.8.3 Temperature at work 
Nearly half (45%) of the participants reported they would like to change the 
temperature of their working environment. Thermal comfort is a complex 
issue as it depends upon environmental factors (such as humidity and 
sources of heat in the workplace) combined with personal factors (such as 
the clothing being worn, age, gender and how physically demanding the work 
is) (HSE, 2013). From the questionnaire it was not possible to ascertain 
whether dissatisfaction with the temperature of the working environment was 
due to being plus size or other factors. HSE (2014) recommend that the best 
that you can realistically hope to achieve is a thermal environment that 
satisfies the majority of people in the workplace. It considers that satisfying 
80% of occupants is a reasonable limit for the minimum number of people 
who should be thermally comfortable in an environment. Due to 45% of 
respondents in the scoping study being unsatisfied, more research exploring 
thermal comfort of plus size people within the working environment is 
indicated. However, due the specialised resources required and the scope of 
this potential research this will not be explored further in this research.  
 
4.8.4 Attitudes of others 
Another aspect identified in the questionnaire as problematic was the 
perceived attitudes of others at work. Puhl et al., (2009) believes plus size 
people are highly stigmatised and face multiple forms of prejudice and 
discrimination both at work and elsewhere. The results have identified that 
weight stigma is a significant problem for the plus size respondents. Very 
high levels of workability, that is perceived ability to meet the physical and 
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mental demands of their job, were reported by the participants in the study. 
This is in contrast to the common weight based stereotypes in the literature 
indicating that plus size people are lazy, not able to do their job and are less 
emotionally stable (Roehling et al., 2008). Weight stigma is a multi-factorial 
issue which requires specialised attention. However, issues relating to poor 
fit of uniform/PPE, inadequate workplace design in terms of fit of seat size 
including toilets, lack of space and accessibility constraints as previously 
discussed will all contribute to create barriers that cause additional effort and 
separation. This can inhibit equal participation within the working 
environment and in turn contribute to stigmatisation. Therefore, indirectly 
weight stigma will be addressed by better understanding the body size and 
shape of the plus size working population.  
4.9 Limitations 
The scoping study is unique in that it explores the issues experienced by plus 
size people at work and in the working environment. However there are some 
limitations. The results are based upon a limited sample size (mainly female) 
with only 6 male participants. This is a documented disadvantage with online 
questionnaires (Wright, 2005). The limited number of responses to some 
questions notably, 'how many people work within your organisation?' (n=8) 
and 'do you work mainly from home?' (n=14) did not enable any analysis to 
be undertaken exploring the influence of home working or organisational size 
on issues reported.  
 
In addition, participants were recruited via non probability sampling methods 
and therefore, it is possible that the sample is not fully representative of the 
plus size working population. Although accepting that the interpretation of 
results should be viewed with caution and not considered indicative of a 
wider population, it was seen as an acceptable sampling technique; the focus 
of the scoping study is on clarifying a complex concept and refining 
subsequent research inquiries rather than making statistical generalisations 
and specific recommendations.  
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The questionnaire wording was designed to avoid leading questions as far as 
possible, and respondents were reassured prior to completing it that there 
were ‘no right or wrong answers’ encouraging them to respond freely and 
honestly. However, the majority of the questionnaire used closed questions 
so it was not possible to explore the reasoning behind the responses. In 
addition, no comparisons were made with respondents from a non plus size 
working population. This would have helped to confirm whether differences 
between non plus size and plus size were due primarily to size and not other 
variables. On the other hand, due to the wide variety of potential 
compounding variables such as medical history, it would have been difficult 
to utilise a control group to address this.  
4.10 Conclusions 
The results support the following conclusions: 
 Plus size individuals report a range of issues at work and in the 
working environment. 
 Fit - of equipment, tools and furniture specifically seating, uniform and 
PPE has been identified as problematic and has been identified as an 
area of work/working environment that participants would like to 
change.   
 Space - circulation and shared spaces within the working environment 
has also been raised as an issue. Toilet cubicle size was reported as 
an issue for almost half of the participants.  
 Non-physical aspects of the working environment such as temperature 
and 'attitudes of others towards plus size people' were also raised as 
issues. Physical aspects of work/working environment such as 
inappropriate uniform or isolation due to poor workplace layout were 
reported by some participants as contributing to the these non-
physical aspects.  
 Despite these issues, plus size people perceive their ability to achieve 
the physical and mental requirements of their roles as very good or 
good. 
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The overall objective of the scoping study has been achieved in that the 
extent, range and nature of the issues affecting plus size people within the 
working environment have been explored. The following main issues have 
been identified for further exploration: 
 Fit - of equipment, tools and furniture specifically seating, uniform and 
PPE  
 Space - circulation and shared spaces within the working environment 
 
Both issues necessitate a better understanding of the anthropometric 
measurements of plus size working age individuals which has been identified 
as limited. Measurement of the anthropometry of plus size workers will be the 
focus of Chapter 5 (Figure 4.8). 
 
 
 
 
Figure 4.8 Relevant structure of thesis 
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5. Anthropometric Measurement Validation Study 
5.1 Introduction 
The design process relies upon the utilization of anthropometric data to 
maximise the percentage of the user population that will be accommodated 
by the design. The scoping study (Chapter 4) concluded that fit (equipment, 
tools, furniture, uniforms and personal protective equipment) and space 
(circulation and shared spaces within the working environment) were issues 
of concern to plus size people. This suggests that aspects of the current 
design of the workplace may not be suitable for, and may even exclude plus 
size people. In addition, the literature review (presented in Chapter 2) 
revealed a lack of current and comprehensive anthropometric data for the 
plus size UK working population and a need to further understand the 
anthropometry of this population. Incorrect adjustments for, or the omission 
of anthropometric data in product or workplace design has been associated 
with work-related psychological discomfort (Mokdad, 2003) and increased 
risk of work related musculoskeletal disorders (Viester et al., 2013). 
Therefore, more knowledge is essential to design safe, comfortable and 
productive working environments 
 
Methodological approaches for the collection of anthropometric data such as 
manual measurement via anthropometer and three dimensional body 
scanning have been reviewed in Chapter 3. Although self-reported 
anthropometric data is an acceptable way (in terms of cost and resources) of 
studying large and geographically diverse populations and may assist in 
accessing the hard to reach plus size working population, previous studies 
validating the use of self-reported anthropometry (Kouvonen, 2013) have 
focused primarily on stature and weight. No studies have been identified that 
include anthropometric measurements required for workplace design and/or 
that are specific to plus size people. The focus of this chapter is to explore 
this knowledge gap with the findings impacting upon the methodology for the 
subsequent chapter.  
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5.2 Aim and objectives 
The aim of the anthropometric measurement validation study is to establish 
whether self-measurement of anthropometric data in a plus size working age 
population is feasible and acceptable as the data collection method for a 
larger scale survey. This will be achieved through the following objectives:  
 Identification of a set of anthropometric measurements relevant to 
workplace design; 
 Development of a self-measurement instruction guide to enable 
participants to self-measure;  
 Comparison of the self-measured (using the guide) and researcher 
measured anthropometric measurements relevant to workplace 
design.  
If self-measurement of anthropometric data is determined to be feasible and 
acceptable, this validation study will also act as the pilot study for a larger 
scale anthropometric study (Chapter 6). 
 
5.3 Research method 
5.3.1 Development of anthropometric measurement set 
34 anthropometric measurements were identified in the literature as being 
applicable to workplace design (Appendix 5.1) and had been used in 
previous studies cited in Chapter 2. It was considered that including all of the 
34 measures would result in poor recruitment of participants and low 
completion rates (Robson, 2011).  Weight and Stature were considered vital 
to include as they enable comparison across populations and in combination 
determine BMI for each participant. Additionally, the scoping study (Chapter 
4) identified issues with: 
 Fit - of equipment, tools and furniture specifically seating, uniform and 
PPE.  
 Space – workplace layout, circulation and shared spaces within the 
working environment 
The final measurement set therefore needed to include sufficient measures 
to understand the size and shape of the individual in order to explore the 
issues identified in the scoping study.  
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5.3.1.1 Seating  
Pheasant and Haslegrave (2006) recommends that designing a seat relies 
upon understanding the anthropometric measurements of:   
 Sitting height  
 Sitting shoulder height  
 Shoulder breadth  
 Hip breadth  
 Buttock to knee length  
 Popliteal height  
As seating (within individual working areas, shared areas and toilet seats) 
was a key issue from the scoping study, these 6 measurements were all 
considered to be appropriate for inclusion in the set of anthropometric 
measurements relevant to workplace design. However, sitting height can also 
be derived from stature and sitting shoulder height (Peebles and Norris, 
1998) so to avoid duplication for participants sitting height was not included in 
the measurement set. Shoulder breadth can be measured horizontally 
between the bony tips of the shoulders; known as acromion shoulder 
breadth. Alternatively, it can be measured horizontally between the points of 
maximum protrusion of the deltoid muscles on the upper, outer borders of the 
arm and shoulders; known as bideltoid shoulder breadth. Bideltoid shoulder 
breadth was chosen for inclusion in this study as the acromion can be difficult 
to locate for untrained individuals (Levangie et al., 2001) and may be further 
complicated by the excess of adipose tissue associated with being plus size. 
 
5.3.1.2 Uniform/PPE 
Issues with the fit of uniform and PPE, specifically high visibility jackets and 
vests was identified in the scoping study. Stature, combined with chest, waist 
and hip circumferences are used within the clothing industry to determine the 
basic shape and size of the individual (Gupta et al., 2014). Circumference 
measurements, are also important in determining whether or not a garment 
can be fully closed (zipped, buttoned or Velcro) which is required to maximise 
the benefits of PPE. Chest, waist and hip circumference measurements were 
therefore required to be included in the final measurement set. The correct 
position for measuring waist circumference is midway between the  
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uppermost border of the iliac crest and the lower border of the costal margin 
(Pheasant and Haslegrave, 2006). In practice it may be difficult for plus size 
individuals to accurately palpate these bony landmarks in which case placing 
the tape measure at the level of the navel is recommended (WHO, 2015). 
This is more accurately termed abdominal circumference. 
   
5.3.1.3 Workplace layout (reach and clearance) 
The ability to grasp and operate controls within the working environment, use 
a keyboard on a desk, or manipulate items on a working surface is 
determined by the ability to reach the required distance. This is known as 
functional reach and is an important element of workplace layout. The 
anthropometric measures of forward grip reach and forward fingertip reach 
can be used to measure reach. Both measures require the arm to be raised 
horizontally forward at shoulder level; in forward fingertip reach the distance 
is measured from the back of the scapula to the tip of the middle finger, in 
forward grip reach measurement is taken from the scapula to the centre of 
the rod gripped in the hand. To avoid the requirement for participants to find 
a suitable rod, forward fingertip reach was selected to be included in the final 
measurement set. Functional reach is also affected by the distance the 
individual stands or sits away from the working surface (Feathers et al., 
2015). In a plus size individual, abdominal depth measured horizontally from 
the rear vertical plane to the maximum protrusion on the front of the relaxed 
abdomen may dictate this distance. Abdominal depth was therefore selected 
for inclusion in the final measurement set.    
 
Workplace clearances are affected by the heights, widths and depths 
underneath and around the workstation's work surface (Feathers et al., 
2015). The provision of adequate vertical, lateral and forward leg room in a 
range of situations (such as seated at a desk, cafeteria or lecture room 
seating, driving) is essential if the working individual is to adopt a satisfactory 
posture (Pheasant and Haslegrave, 2006). Vertical leg room requirements 
must give clearance for the thighs and the knees requiring the 
anthropometric measurements of popliteal height and thigh thickness to be 
included in the measurement set. Buttock to front of knee length was 
 87 
included in order to address the forward leg room requirements. Lateral leg 
room must give clearance for the thighs and knees and therefore hip breadth 
was included to identify the clearance required at seat level. Consideration 
was given to including knee breadth, which is measured horizontally between 
the outer borders of the knees with the knees and legs together. However a 
unique measure of knee splay (in a non-pregnant population) was included 
based on the observations of Sibella et al., (2003) and the comments raised 
in the scoping study such as;  
 
 “I’m uncomfortable when someone sits next to me. They’re too close 
 and our knees touch”, (female, 18-24) 
 
5.3.1.3.1 Knee Splay  
Knee splay (Figure 5.1) is defined as the distance between the outer borders 
of the knees whilst seated in the preferred sitting position (Serpil and Weeks, 
2006) and represents the observed sitting postures of plus size individuals 
(Sibella et al., 2003).  
 
 
Figure 5.1 Knee Splay. Measured horizontally between the outer borders of the knees 
in preferred comfortable posture.  
 
The measurement of knee splay is taken with the participant seated, their 
feet flat on the floor, knees bent at 90 degrees with the upper leg parallel to 
the floor and their preferred posture for angle between the thighs and 
distance between the knees.  Knee splay is an important novel measure to 
include in this measurement set as the size and shape of the plus size 
individual may influence workplaces clearances, particularly in a lateral 
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direction, both within the individual working area and shared spaces. This 
may impact on both safety and comfort.  
 
5.3.1.4 Final anthropometric measurement set 
Following review, 14 measurements were selected for inclusion in the 
anthropometric measurement set for this study (Table 5.1). This number of 
measures was sufficient to understand the size and shape of participants 
without being a barrier to participation in terms of participant time or expertise 
required to complete the measurements. The definition and application to 
workplace design for each of the selected fourteen measurements are 
tabulated in Appendix 5.2. 
 
Anthropometric Measure 
Standing Seated 
Height Sitting shoulder height 
Weight Abdominal depth 
Chest circumference Hip breadth 
Abdominal circumference Thigh thickness 
Hip circumference Buttock to front of knee length 
Shoulder breadth (bideltoid) Popliteal height 
Forward fingertip reach Knee splay 
Table 5.1 Anthropometric measurements in final measurement set 
 
5.3.2 Development of self measurement instruction guide 
A self measurement guide (Appendix 5.3) was developed to enable 
participants to collect the self-measured data for the 14 anthropometric 
measurements contained in the final anthropometric measurement set.  The 
self measurement guide had 5 sections (Figure 5.2) 
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Figure 5.2 Structure of self measurement guide 
 
Section one provided participants with information on equipment and time 
required, how to measure and how to submit the information. Statements on 
how to measure, for example placement and tautness of the tape measure 
and clothing requirements were aimed at standardising the measuring 
process as much as possible. This was to enable comparison between the 
participants in the study and also enable comparison to existing 
anthropometric datasets. The statements replicated guidance contained 
within ISO: 7250 Basic Human Body Measurements for Technical Design 
(International Standardisation Organisation, 2015) but were presented using 
simplified language to aid understanding. Participants were given four ways 
of submitting their measurement data (phone, in person, post or online via 
Survey Monkey) to facilitate completion of the study. 
  
Section two consisted of questions to collect demographic data. Participants 
were asked to indicate their gender, ethnic group and date of birth to 
demonstrate the spread of the sample. Participants were also asked to give 
their weight (without shoes) in either metric or imperial units. Finally, 
participants were required to indicate their body shape. Five body shapes 
(Figure 5.3); straight, pear, apple, cone and hourglass were depicted using 
pictures (Connell et al., 2006 and Lee et al., 2007). This was asked to gain 
an understanding of the body shapes of the study plus size working and the 
frequency of each shape occurring in the study population. 
Self - measurement guide
1. Self measuring 
information
2. Demographic 
data
3. Work- equpment 
and environment
4. Self measurment 
instructions
5. Summary and 
thanks
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straight pear apple cone hourglass 
 
Figure 5.3 Body shape depicters  
 
Section three focussed on aspects of the participant's work. Information was 
requested about job title and main place of work to gain an insight into the 
type of work and whether they were home or site based.  Participants were 
then asked to indicate  whether any of the previously identified (see Section 
4.8) aspects of the working environment currently caused them any problems 
at work.  
 Seat sizes – chairs, stools, car 
 Height of desk or working surface  
 Space in your working area  
 Fit of uniform 
 Fit of PPE 
 Size of toilet cubicle 
 Shared circulation spaces – café or meeting rooms 
 Width of stairways or corridors 
.   
Section four gave instructions on how to complete the self measurement of 
the 14 anthropometric measurements. The purpose of this section was to 
both standardise the measurement process to increase the accuracy of the 
measurement data and to simplify the measurement process to reduce the 
time required to complete the measures.  
 
The 14 anthropometric measurements were renamed (simplified) to relate 
more to the body part being measured (Table 5.2).  
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Title of Anthropometric Measurement 
Existing datasets  
Adultdata (Peebles and Norris, 1998) and 
Pheasant (2006)  
Self measurement guide 
Stature Height 
Weight Weight 
Chest circumference Full chest 
Abdominal circumference Stomach 
Hip circumference Hips 
Shoulder breadth (bi deltoid) Shoulder width 
Forward fingertip reach Forward reach 
Shoulder height (sitting) Sitting shoulder height 
Abdominal depth Stomach depth 
Hip breath Hip breadth 
Thigh depth Thigh thickness 
Buttock to front of knee Buttock to front of knee 
Knee splay * Between knee width 
Popliteal height Back of knee height 
*not documented within existing datasets 
Table 5.2 Title of anthropometric measurements used in self measurement guide 
compared to existing datasets 
 
A photograph was included of a plus size volunteer (consent was granted), 
wearing light clothing and no footwear, in the posture required for each 
anthropometric measurement.  For the measurements where it was possible 
to self-measure without assistance (chest, stomach and hip circumference), 
the photograph showed the model completing the measurement to highlight 
the position of the tape measure and improve accuracy. For the remaining 
measures, the photographs were annotated to show the line of 
measurement. A plus size model was used for the photographs in preference 
to a diagram form (Figure 5.4) common in existing anthropometric sources. 
This was to assist participants by using real people rather than diagrams as 
this supports engagement in research activities (NIHR, 2009).  
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Figure 5.4 Example of self measurement photograph compared with diagram form  
 
A set of concise and easy to follow instructions detailing how to complete the 
measurement accompanied each photograph. The instructions were based 
upon the protocols described in ISO: 7250 Basic Human Body 
Measurements for Technical Design (International Standardisation 
Organisation, 2015), Adultdata (Peebles and Norris, 1998) and Pheasant and 
Haslegrave (2006). Each set of instructions started with a statement of the 
starting position; either standing or sitting  
Standing – look forward, shoulders relaxed, arms by your side 
Sitting – on a hard surface. Feet should be supported and thighs horizontal. 
Sit upright, look ahead. Hands in your lap. 
The starting point and end point and direction (horizontally or vertically) was 
then given for each measure. Points to check included ‘be careful not to 
compress the thigh when measuring’, ‘do not hold your stomach in’ and 
‘ensure the tape measure is in a straight line’. Participants were then 
requested to recheck the measurement and record the data on the guide. 
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Participants were also asked to describe the clothing they were wearing 
during the self measurement (e.g. jogging bottoms and t shirt, or suit trousers 
and shirt). This was required to enable comparison of the data obtained via 
self measurement and researcher-measured. An open question asked about 
the participant’s experience of self measurement and concluded the section.   
 
The final section of the self measurement instruction guide, section five, 
thanked the participants for completing the guide. The self measurement 
instruction guide was reviewed and granted ethical approval by 
Loughborough Design School, Loughborough University (November 2014).   
5.4 Pilot study 
The self-measurement guide was tested in a pilot study to check the: 
 structure of the questionnaire 
 clarity of the instructions 
 clearness of the photographs 
 responses  
 time taken to complete the study   
 data analysis strategy 
 
5.4.1 Participants 
A convenience sample of 6 plus size participants (2 male, 4 female) 
completed the pilot study. Convenience sampling is an acceptable sampling 
method for a pilot study (Robson, 2011).   
  
5.4.2 Findings/modifications 
The responses were appropriate but minor changes were made to the 
instructions of 2 anthropometric measures. The average time taken to 
complete the questionnaire was 19 minutes (range from 16-21 minutes). The 
final self-instruction guide is shown in Appendix 5.3.  
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5.5 Data collection for the Validation Study 
5.5.1 Sampling strategy 
20 plus size participants, 10 males and 10 females, were recruited via a non-
probability sampling strategy using a combination of ‘purposive’ and 
‘snowball sampling’. The sample size was selected to allow statistical 
analysis (Howell, 2007) and meet the profile of potential end users  (age and 
gender). Purposive sampling was used with participants recruited from the 
scoping study (who expressed an interest in being involved in further 
research) and personal contacts.  
The inclusion criteria for recruitment were that participants were:  
 Aged 18 years of age or above 
Rationale: younger than 18 years of age are considered a vulnerable 
populations by Loughborough University Ethical Advisory Committee 
(LUEAC) 
 Resident in the UK 
Rationale: to enable researcher measured component and focus on 
UK data 
 Working (or had worked in the 12 months prior to the study) either 
employed or self-employed  
Rationale: (1) experience of interacting with workplace equipment, 
products, tools and recall issues/challenges in the workplace; 
(2)distinguish between bariatric hospital based community and plus 
size individuals at work   
 Self-Classification of as ‘plus size’ or ‘larger than average’ 
Rationale: to identify factors related to fit/space 
 
5.5.2 Data collection procedure 
Potential participants identified through the sampling strategy were contacted 
by phone or email to discuss: 
• participation in the study 
• self-measurement component  
• appointment time and location for the researcher-measured 
  component   
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5.5.2.1. Self-measurement component 
An information sheet (Appendix 5.5) was sent to the participant with the self-
measurement instruction guide and a standardised 300cm fabric tape 
measure. An informed consent form (Appendix 5.6) was also signed by the 
participant. Participants were requested to complete the self-measurement 
form by following the instructions in the guide. Once completed, the 
participants were requested to place the completed self-measurement 
instruction guide into a sealed envelope. The self-measurement component 
was completed before the researcher-measured component for each 
participant to avoid any learning bias. None of the participants had previous 
experience of collecting anthropometric data. The self-measurement data 
was not reviewed by the researcher until the end of the data collection 
period. Participants were requested to wear the same clothing for both the 
self and researcher measurements. 
 
5.5.2.2. Researcher measured component 
For the researcher-measured component, the 14 anthropometric 
measurements were collected using standard methods (including weight 
scales, stadiometer, modified sitting height table and anthropometer) 
following protocols described in Section 5.3.2 and in Adultdata (Peebles and 
Norris, 1998) and Pheasant and Haslegrave (2006). All equipment was 
calibrated prior to each usage and the researcher was experienced in taking 
anthropometric measurements. Data was recorded on a data collection sheet 
(Appendix 5.7).   
5.6 Data analysis 
Statistical Package for the Social Sciences (SPSS) software for Windows 
(release 22.0 SPSS, Inc, 2015) was used for analysis. Demographic data 
(age, gender, employment) were analysed descriptively using means and 
frequencies. The Kolmogorov-Smirnov statistic was used to understand the 
spread of the sample for stature in combination with the descriptive analysis 
of the sample. These were compared to existing datasets to determine 
whether a self-classification of plus size was due to stature or other 
anthropometric measurements.  
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T-tests are useful to compare the mean scores of two tests on two different 
occasions with two groups when the data is interval and continuous in nature 
(Pallant, 2016). Paired comparison t tests were therefore used to compare 
the self-measured and researcher-measured data for each anthropometric 
measurement. 
5.7 Results  
The results are presented for: 
 demographic data including the gender and age ranges and 
employment details.  
 issues experienced by plus size people at work.  
 quantitative analysis comparing the self-measured and researcher-
measured data for each anthropometric measurement. 
 
5.7.1 Demographics      
20 participants (10 males and 10 females) in employment completed the 
study (Table 5.3). 
 
Age Range Number of Participants 
Male Female 
18-24 years 2 2 
25-44 years 4 4 
45-64 years 2 4 
65 years and above 2 0 
 Table 5.3 Sample group – age and gender distribution (n=20) 
 
13 participants classed their ethnic group as ‘white’, 5 as ‘Asian’ and 2 as 
‘Black or Black British’. There were no Chinese or mixed ethnicity participants 
(Figure 5.5).  
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Figure 5.5 Ethnicity of participants (n=20) 
  
 
All participants were currently employed; 1 participant worked mainly from 
home. Employment sectors are shown in Figure 5.6.  All participants (n=20) 
were resident in the United Kingdom and classed themselves as plus size.  
 
Figure 5.6. Employment sectors of participants (n=20) 
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5.7.2 Issues at work 
Participants were asked if they were currently experiencing any issues with 
the equipment they used at work; specifically seat sizes, height of desk or 
working surface, or fit of uniform and PPE (Figure 5.7). 55% of participants 
(n=11) reported issues with seat size including chairs, stools or car seats. 
25% of participants (n=5) expressed concern about the height of their 
working surface (required for legroom clearance). Fit of uniform was not 
applicable to the majority of the participants (60%). However, 7 participants 
required to wear uniform reported problems with the fit and 5 out of the 6 
using PPE also reported problems.   
 
 
Figure 5. 7 Fit issues - currently causing issues at work  
 
45% (n=9) of participants reported issues with the space in their direct 
working environment which affect their ability to move around without 
hindrance. 55% (n=11) identified toilet cubicle size as an issue with 35% 
(n=7) indicating that space in shared areas such as meeting rooms and 
cafeterias were currently causing them problems. 1 participant experienced 
issues with the width of staircases and corridors within their working 
environment (Figure 5.8). 
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Figure 5. 8 Space issues - currently causing issues at work  
 
 
5.7.3 Stature 
The mean stature was 1763mm (SD 43mm) for males and 1567mm (SD 
77mm) for females. This is similar to the mean values documented in existing 
datasets (Pheasant and Haslegrave, 2006) and therefore demonstrates a 
good spread of stature across the sample. 
 
 Male Female 
Study mean 
(SD 43mm) 
Existing 
dataset mean 
(SD 70mm)  
(Pheasant, 
2006)  
Study mean 
(SD 73mm) 
Existing 
dataset mean 
(SD 62mm)  
(Pheasant, 
2006)  
Stature 1763mm 1755mm 1567mm 1620mm 
Table 5.4 Comparison of Study mean height and existing dataset mean height (n=20) 
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The normality of the distribution of stature for this data set was assessed 
using the Kolmogorov-Smirnov statistic. A non-significant result (sig. value of 
more than 0.05) was found for male and female stature data (Table 5.5) 
indicating normality. 
 
 Kolmogorov-Smirnov 
Statistic df Significance 
Height - Male 0.204 10 0.200 
Height - Female 0.238 10 0.114 
 Table 5.5 Normality of distribution for height data (n=20) 
 
5.7.4. Comparison of self-measured and researcher measured data   
5.7.4.1 Anthropometric measurements 
The data from the self-measured (using the self measurement guide) and 
researcher-measured components were collated (Table 5.6 and Table 5.7). 
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Two dimensional scatterplots were created to visualise the differences 
between the self and researcher values for each of the 14 measurements. 
Examples of these are shown for Weight (Figure 5.9), Height (Figure 5.10), 
Hip Breadth (Figure 5.11) and Thigh Thickness (Figure 5.12). 
 
 
Figure 5.9 Relationship between Self and Researcher Measurement of Weight (n=20) 
 
 
 
 
Figure 5.10 Relationship between Self and Researcher Measurement of Height (n=20) 
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Figure 5.11 Relationship between Self and Researcher Measurement of Hip Breadth 
(n=20) 
 
 
 
 
 
Figure 5.12 Relationship between Self and Researcher Measurement of Thigh 
Thickness (n=20) 
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The data from the self-measured and researcher-measured components 
were then entered into SPSS. Paired comparison t tests were used to 
compare the self-measured and researcher-measured data for each of the 14 
anthropometric measurements. The analysis found that 11 out of the 14 
measurements taken via self-measurement were comparable to those 
obtained via the researcher-measured technique with no significant 
differences between the measures (P≤ 0.05). However 3 anthropometric 
measurements differed significantly (Table 5.8): stature (P≤0.001), weight 
(P≤0.001), and hip circumference (P≤0.05). 
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Anthropometric 
Measure 
Paired Differences t df Sig. 
(2 tailed) 95% Confidence 
Interval of the 
Difference 
Lower Upper 
Weight -2.675 
 
-1.045 -4.778 19 0.000 
Height 0.898 
 
2.302 4.767 19 0.000 
Chest 
Circumference 
-1.110 0.410 -0.960 19 0.349 
Abdominal 
Circumference 
-1.100 0.302 -1.192 19 0.248 
Hip 
Circumference 
-1.281 -0.189 -2.156 19 0.044 
Shoulder Breadth 
(Bideltoid) 
-4.230 1.430 -1.035 19 0.314 
Forward Fingertip 
Reach 
-0.813 -0.131 -1.926 19 0.069 
Sitting shoulder 
Height 
-0.892 0.611 -0.295 19 0.772 
Abdominal Depth -2.232 
 
2.432 0.090 19 0.929 
Hip Breadth -0.365 
 
0.465 0.252 19 0.804 
Thigh Thickness -1.201 
 
0.301 -1.254 19 0.225 
Buttock to Front of 
Knee 
-0.675 0.075 -1.674 19 0.110 
Popliteal Height -2.136 
 
0.136 -1.842 19 0.081 
Knee Splay -0.469 
 
0.269 -0.567 19 0.577 
Table 5.8 Anthropometric measures showing significant and non-significant 
differences between self- measurement and researcher measured techniques (n=20) 
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5.7.4.2 Body shape 
The description of body shape was also compared between self-classification 
and researcher classification. 6 participants classified themselves as ‘apple’, 
5 participants choosing ‘pear’, 5 indicating ‘hourglass’ and 4 participants 
describing themselves as ‘straight’. The researcher classification resulted in 
‘apple’ being the most frequent classification (n=16) with the remaining 
participants being classified as ‘pear’ (Table 5.9).  It was not possible to 
undertake paired t tests on these results due to the categorical nature of the 
data. However, self-classification and researcher classification of body shape 
only matched for 10% of participants (n=2). This difference is discussed in 
Section 5.8.1.4. 
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Body Shape Frequency Number of 
matches 
 (between self and 
researcher 
measured) 
Self-measured Researcher 
measured 
Straight 
4 0 0 
Pear 
5 4 1 
Apple 
6 16 1 
Cone 
0 0 0 
Hourglass 
5 0 0 
Table 5.9 Comparison of body shape classification between self and researcher 
measured 
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5.8 Discussion  
This chapter has described the validation study to establish if self-
measurement of anthropometric data is feasible and acceptable as the data 
collection method for a larger scale anthropometric survey.  In this section, 
the most significant findings are discussed followed by the limitations and the 
conclusions. 
 
5.8.1. Comparison of self-measured and researcher measured data   
The anthropometric measurements with a significant difference were weight, 
stature and hip circumference and these will be reviewed and discussed in 
the following sections.  
 
5.8.1.1 Weight 
The possible reasons for misreporting of weight and stature are many and 
complex (Gorber et al., 2006). The difference being self and researcher 
measured weight was significant at the P≤0.001 level. Both male and female 
participants underreported their weight with a mean of 112 kgs self-measured 
weight for males compared with 114 kgs by the researcher. For females the 
mean self-measured weight was 108kgs compared to 110 kgs by the 
researcher. These findings are similar to Stommel et al., (2009) who found 
that the degree of difference between self-reported and objective 
measurement of weight is strongly influenced by the participants body size; 
heavier people (BMI of over 25kg/m2) are likely to underestimate weight than 
normal weight individuals (BMI of 18.5-24.9kg/m2). O’Neill et al., (2013) 
reported similar findings in a large scale study using female participants. 
However, both of these studies had a delay in the weight comparison with 
participants recruited from epidemiological studies many months earlier. 
Cash et al., (1990) discusses the pattern of significant differences in such 
methodologies, suggesting that the difference may be due to prolonged time 
between self-measurement and researcher-measurement as weight changes 
can occur over short periods (Gorber et al., 2007).   
 
In this validation study, the time between measurements was controlled with 
a maximum of three days between the self and researcher measured 
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components. It is therefore suggested that under-reporting of weight amongst 
the study participants may be due to other reasons. Stommel et al., (2009) 
suggest that some plus size individuals may avoid weighing themselves and 
therefore may report their weight less accurately and Gorber et al., (2007) 
suggest that although individuals might be aware of their weight, issues 
around body image and social acceptance may result in consciously under 
reporting their weight. Both explanations are reasonable but the design of the 
self-measurement guide and the objectives of the study do not enable any 
further clarification. 
 
5.8.1.2 Stature 
Self-measured stature in combination with weight, is also frequently 
suggested as an alternative to researcher measurement primarily due to 
financial limitations and/or time constraints (Spencer et al., 2002). In this 
study, the difference between self and researcher-measured stature was 
significant at the P≤0.001 level. Both male and female participants over-
reported their stature with a mean self-measured stature of 1779mm for 
males compared to 1763mm by the researcher. For females the mean self-
measured stature was 1583mm compared to 1567mm by the researcher. 
DelPrete (1992) and Allison (1998) found similar results. DelPrete (1992) 
reported a mean difference of 18mm between self- and researcher- 
measured stature for a sample of 82 adults (male and female). Allison (1998) 
found an over reporting in height of 17mm. In both studies the self-
measurement component occurred first to minimise the learning effect (bias) 
by participants and there was less than two weeks between measurements.  
 
As stature declines with age by up to 2cm per decade after the age of 30, 
Shields et al.,(2008) hypothesises that loss in stature may not be perceived 
by the individual which results in reporting of stature from previous years 
rather than actual stature at the time of the self-measurement. However, 
Dekkers et al., (2008) found no difference in the over-reporting of stature 
between older or younger participants, with all participants over reporting. 
Additionally, in an UK adult population, Bolton-Smith et al., (2000) found no 
trend in the over-reporting of stature based on age up to 65 years.  
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Disparity between self- and researcher- measured data can also occur when 
researchers do not use standard procedures or consistent guidelines. The 
order of measurement, clothing worn, and the elapsed time between 
measurements (Tokmakidis et al., 2102) were all standardized as far as 
possible during the validation study but it is possible that participants may 
have estimated their weight and height rather than taking actual 
measurements or reduced their weight and increased their height 
consciously.  
 
5.8.1.3 Hip circumference 
Hip circumference was also under-reported for self-measurement compared 
to researcher measurement although to a lesser extent than weight. This 
may be due to difficulties in identifying the maximum protrusion for 
measurement (anatomical landmarks) or again due to conscious under 
reporting. No studies were identified which compare self and researcher 
measured hip circumference but it is interesting that weight, height and hip 
circumference are measures that are generally ‘known’ to the participant, for 
example through clothing sizes. Tokmakidis et al., (2102) suggests that self-
reported data has a trend of bias towards the ideally expected value. In 
developed countries such as the UK, with the ideology of being tall and slim, 
this could result in reported measures being closer to ideal values rather than 
actual measures.  
 
However, although the measurement differences for weight, stature and hip 
circumference are statistically significant, they are relatively small as 
illustrated by the 95% confidence interval. The advantages of self-
measurement in terms of access to the plus size working population, cost 
and resources combined with the lack of significant difference between self 
and researcher measurements leads to a conclusion that self-measurement 
(utilizing the self-measurement guide) is adequately feasible and acceptable 
as the data collection method.  
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5.8.1.4 Body shape  
There was a considerable different in the self-classification of body shape by 
participants and the researcher, with only 10% (n=2) agreement. The 
question was asked to firstly explore the body shapes of plus size worker and 
secondly consider the frequency of each shape as this was identified as a 
knowledge gap by Park et al., (2013). However, the results suggests that 
self-classification is not a valid method to ascertain the frequency of 
particular body shapes.  
 
Body shape misperception is common amongst the general public and is a 
core factor in eating disorders and related conditions (Zaccagni et al., 2014). 
The majority of the literature focusses on specific populations such as 
adolescents, eating disorder clinics or bariatric units rather than the general 
working population. This makes the comparison of these findings to existing 
literature difficult. Apple and pear body shapes are the most frequently 
reported body shapes in the plus size literature (Park et al., 2013) and this 
was found by the researcher classification with 80% of participants classified 
as apple (n=16) and 20% as pear (n=4). However the participant’s 
classification was much more varied with straight, hourglass, apple and pear 
shapes being reported almost equally. As the researcher classification took 
place with the participants wearing light clothing it may be that body shape 
was masked by clothing. However, similar to weight, stature and hip 
circumference measurements it is possible that participants are biased 
towards their ideally expected shape as suggested by Tokmakidis et al., 
(2102). The lack of agreement between self- and researcher classification of 
body shape reinforces the need for empirical anthropometric measurements 
of the UK plus size working population to understand the extent of the body 
shape variability among plus size individuals.   
5.9 Limitations  
The anthropometric measurement validation study explores the use of self-
measurement as an alternative method of collecting anthropometric data. 
The limitations include firstly a small sample size with only 10 male and 10 
female participants and secondly, participants recruited via non-probability 
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sampling methods. Due to the sampling strategy, it is possible that this could 
be unrepresentative of the plus size working population. Participants may 
have been highly motivated to provide accurate measurements as they were 
aware that the researcher would repeat and compare the measurements. 
Although interpretation of the results should be viewed with some caution, it 
was concluded that this was an acceptable sampling technique for a larger 
scale data collection study.   
 
Due to the small sample size it was not possible to ascertain whether the age 
group and/or ethnicity would affect the accuracy of the self-measurements. 
Also no female participants over 65 years of age were included in this study 
so it is unknown whether self-measurement is valid within this group.  
 
Although not identified in the pilot study, the chair depicted in the 
photographs used throughout the self measurement guide (Appendix 5.3) 
had a slightly curved seat. This may have affected the measurements taken 
in a seated position, for example sitting shoulder height, thigh thickness and 
back of knee height as they rely upon the thighs being horizontal, which may 
be affected by a curved seat. However, despite the potential for error, there 
were no statistical significant differences between the self and researcher 
measured values for these dimensions suggesting that for this study any 
impact was insignificant. However, further use of this self measurement guide 
beyond this thesis would benefit from a photograph depicting a non-curved 
seat surface. 
 
Only 14 measurements were selected for inclusion in the anthropometric 
measurement set. Although the measurements were carefully selected as 
being crucial to workplace design they do not provide a complete data set for 
workplace design as found in other data sets such as Adultdata (Peebles and 
Norris, 1998), BodySpace (Pheasant and Haslegrave, 2006) and PeopleSize 
(Open Ergonomics, 2008). The validation of this self-measurement technique 
cannot be extended to other measurements not included in this study.  
 
 114 
In addition, as discussed in Section 5.8.1, the statistically significant 
differences found between weight, stature and hip circumference 
measurements recorded via self-measurement and researcher measured is 
itself a limitation of this study.  As BMI is calculated using weight and stature, 
any misreporting of weight or stature may result in an incorrect calculation of 
BMI. However, due to the under reporting of weight by a mean of 2kgs and 
the over reporting of height by a mean of 14mm in this study, this would have 
a minimal effect on BMI classification.   
5.10 Conclusion 
The results support the following conclusions: 
 Self-measurement, using a specifically developed guide is a feasible 
and acceptable method of collecting data for 11 anthropometric 
measurements relevant to workplace design; stature, weight, chest 
circumference, abdominal circumference, hip circumference, shoulder 
breadth (bi deltoid), forward fingertip reach, shoulder height (sitting), 
abdominal depth, hip breath, thigh depth, buttock to front of knee, 
knee splay and popliteal height. 
 Although statistically significant differences were found between 
weight, stature and hip circumference measurements recorded via 
self-measurement and researcher measured these differences were 
small and highlight known limitations of self-measurement including 
misunderstanding of questions and response bias.  
 
The objectives of the validation study have been achieved by developing an 
anthropometric measurement set pertinent to workplace design. A self-
measurement instruction guide has been developed and tested. Self-
measured and researcher measured anthropometric measurements relevant 
to workplace design have been compared.  
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It is concluded that self-measured anthropometric data for a plus size 
working age population is feasible as the data collection method for the 
subsequent (Chapter 6) larger scale plus size anthropometric study (Figure 
5.13). 
 
 
Figure 5.13 Relevant structure of thesis 
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6. Plus Size Anthropometry Study 
6.1 Introduction 
The prevalence of overweight (BMI ≥ 25kg/m2) and obesity (BMI ≥ 30kg/m2) 
and being classed as plus size has been increasing in the UK and worldwide 
over the past few decades (James 2004; Caballero 2007; WHO 2015). As a 
result of this increase, plus size individuals now make up the majority (61%) 
of the population (Baker and Bate, 2016). Despite this prevalence, 
anthropometric characteristics of plus size individuals have not been widely 
studied. Chapter 2 revealed a lack of current or comprehensive 
anthropometric data for the plus size UK working population and Chapter 4 
highlighted fit and space related issues in the working environment. This 
suggests that the increasing prevalence of plus size carries with it potential 
challenges that may have a significant impact on the design of the working 
environment. 
 
Self-reported anthropometric data is an acceptable way (in terms of cost and 
resources) of studying large and geographically diverse populations. The 
anthropometric measurement validation study (Chapter 5) concluded that self 
measurement using a specifically developed guide, was a feasible and 
acceptable method of collecting anthropometric measurement data from the 
current plus size UK working population.  As a result, this method may assist 
in overcoming the barriers historically associated with anthropometric data 
collection surveys such as cost, access to non-civilian populations and the 
use of scaling methods (which may not fully account for the increasing 
incidence of a plus size population). The focus of this chapter is to report on 
a larger scale anthropometric study involving self reported anthropometric 
data. This will lead to a better understanding of the plus size population 
relevant to workplace design. 
6.2 Aim and objectives 
The aim of this study is to identify the body size and shapes of plus size 
working age people to inform the design of safe, comfortable and productive 
working environments.  
 117 
This will be achieved through the following objectives: 
 Collection of anthropometric data of plus size working age people 
pertinent to workplace design.  
 Identification of any key anthropometric variables that explain body 
size and shape of plus size working age people.  
 Identify any issues related to fit or space which affect plus size people 
in the working environment. 
 Comparison of this newly acquired anthropometric data to existing 
datasets. 
6.3 Research method 
6.3.1 Collection of anthropometric measurement data 
The self-measurement instruction guide (Appendix 6.1), developed and 
piloted for use in the anthropometric measurement validation study (Chapter 
5), was utilised in this larger scale anthropometric study in an online format. 
The development of this guide was detailed previously in Section 5.3 and is 
summarised in Table 6.1. The guide had five main sections for use in the 
validation study, but an additional section providing background information 
to the study was added for the online version (Figure 6.1).   
Figure 6.1 Structure of self-measurement guide 
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Stage Description Rationale 
Identification of anthropometric 
measurements recorded in literature 
relating to workplace design 
Relevant to current workplace design 
literature. Usable to stakeholders. 
Identification of functional measures 
recorded in literature relevant to 
plus size individual 
To include novel functional 
measures identified in the literature 
but currently not included in existing 
datasets.   
Selection of final measurement set 
based on stages 1 and 2  
Sufficient measures to understand 
size and shape of participants. Limit 
to measures to encourage 
participation in research without 
being prohibitive in terms of 
participant time or expertise.  
Development of self measurement 
guide  
To enable self-measurement. 
Concise instructions and 
accompanying pictures to aid 
completion. (Robson 2013).  
Pilot and revision of self 
measurement guide 
To identify any systematic errors or 
unexpected problems with instruction 
guide and/or protocol. 
Table 6.1 Stages of development of the self instruction guide 
 
Section one provided a summary of the background information for the 
research including the purpose of the study and how the data would be used 
and stored. This was to enable participants to indicate their informed consent 
prior to undertaking the study.  
 
Three qualifying questions were also asked; ‘Are you aged 18 years or 
older?’, ‘Are you plus size or larger than average?’ and ‘Are you working (or 
have you worked in the past 12 months)’? This was to ensure that all 
participants fulfilled the inclusion criteria for the study.   
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The content for the remaining sections were unchanged from the piloted 
version of the self-measurement guide (Chapter 5) with the exception of 2 
questions in section three. A question was added requiring participants to 
disclose which country they lived in. Although the study aimed to collect 
anthropometric data from UK residents, due to the online format of the study 
and difficulty controlling snowball sampling as a result, non UK based 
participants would be able to complete it. However, non UK based 
participants could be excluded from analysis as appropriate. The question 
asking participants to indicate their body shape from 5 options (straight, pear, 
apple, cone and hourglass) depicted using pictures was omitted as the 
results from the validation study suggested that self-classification of body 
shape was not valid (see Section 5.8.1.4). The 14 anthropometric 
measurements (Table 6.2) remain unchanged from the validation study.  
 
Anthropometric Measure 
Standing Seated 
Height Sitting shoulder height 
Weight Abdominal depth 
Chest circumference Hip breadth 
Abdominal circumference Thigh thickness 
Hip circumference Buttock to front of knee length 
Shoulder breadth (bideltoid) Popliteal height 
Forward fingertip reach Knee splay 
Table 6.2 Anthropometric measurements in final measurement set 
 
Online access to the self-measurement instruction guide via Survey Monkey 
was considered the most appropriate method for data collection. As well as 
allowing participants to complete the measurements in a convenient location 
and at a convenient time it also improves response rate and reduces 
response time (Robson, 2011). The self-measurement instruction guide was 
reviewed and granted ethical approval by Loughborough Design School, 
Loughborough University (February 2015).   
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6.3.2 Comparison of plus size anthropometric measurement data to 
existing datasets 
The anthropometric data collected was compared with data contained within 
the existing anthropometric datasets of Adultdata (Peebles and Norris, 1998) 
and BodySpace (Pheasant and Haslegrave, 2006). Consideration was given 
to other datasets for example, Tilley and Dreyfuss, (2002); PeopleSize (Open 
Ergonomics, 2008) but these were selected because of their; 
 accessibility - open access, non-subscription based 
 utilisation in industry/by stakeholders 
 wide range of dimensions included 
 most recent databases fulfilling the above criteria 
ISO 15535:2012 General requirements for establishing anthropometric 
databases (International Standardisation Organisation, 2012) acknowledges 
the difficulties in comparing anthropometric measurements from different 
datasets due to differences in methodology, sampling technique or lack of 
description. As the potential sample size and sampling strategy in the 
proposed study are different from the existing datasets, the purpose is to gain 
an understanding of the new data in the context of the existing datasets, 
rather than providing a like for like direct comparison.  
6.4 Pilot study 
As the larger scale anthropometry study was designed to be distributed 
online, the self-measurement guide (Appendix 6.1) was piloted to check the; 
 online structure of the self-instruction guide 
 clarity of the instructions – particularly section one 
 clarity of the photographs 
 responses  
 time taken to complete  
 data analysis strategy 
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6.4.1 Participants 
A convenience sample of 4 plus size participants (1 male, 3 female) 
completed the pilot study. Convenience sampling is an acceptable sampling 
method for a pilot study (Robson, 2011).   
 
6.4.2 Findings/modifications 
The responses were appropriate and no changes were made to the online 
self-instruction guide. The average time taken to complete the self 
measurement and submit the responses via the online questionnaire was 24 
minutes (range 19-29 minutes). The final online self-instruction guide is in 
Appendix 6.1.  
6.5 Data collection for the Anthropometry Study 
The self-instruction guide was distributed using Survey Monkey over a 6 
month period concluding on 31st October 2015. All respondents were 
informed of the background and purpose of the research and how the 
findings would be used prior to indicating their consent.  
 
6.5.1 Sampling strategy  
Various sampling techniques were considered for use in this study and are 
discussed in Chapter 3. Due to the target population being relatively 
unknown and potentially so widely dispersed, the self-instruction guide took 
on a non-probability sampling strategy using a combination of ‘purposive’ and 
‘snowball sampling’ (Robson, 2011). From the literature and via personal 
contacts, a number of individuals were identified and approached to complete 
the online self-instruction guide and then act as informants to identify other 
plus size people and snowball the guide. Links to the study were also placed 
on several online forums; 
 www.bigmatters.co.uk  
 www.ukbigpeople.co.uk   
 www.netmums.co.uk    
 www.fatlotsheknows.co.uk  
This enabled individuals who fulfilled the inclusion criteria, to complete the 
guide via self-selection. 
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The inclusion criteria for recruitment is that participants were:  
 Aged 18 years of age or above. 
 Rationale: younger than 18 years of age are considered a vulnerable 
population by Loughborough University Ethical Advisory Committee 
(LUEAC). 
 Working (or had worked in the 12 months prior to the study) either 
employed or self-employed.  
Rationale: (1) experience of interacting with workplace equipment, 
products, tools and recall issues/challenges in the workplace; (2) 
distinguish between bariatric hospital based community and plus size 
individuals at work .  
 Self-Classification of as ‘plus size’ or ‘larger than average’ 
Rationale: to identify factors related to being plus size. 
6.6 Data analysis 
Statistical Package for the Social Sciences (SPSS) software for Windows 
(release 22.0 SPSS, Inc, 2015) was used for analysis. Demographic data 
(age, gender, employment) were analysed descriptively.  
 
Descriptive statistics (range, mean and standard deviation) will presented for 
each of the 14 anthropometric measurements collected via self-
measurement.  Correlations are useful to describe the strength and direction 
of a linear relationship between two variables (Tabachnick and Fidell, 2007). 
Pearson product-moment correlation coefficient was used to explore the 
relationship between each of the 14 anthropometric measurements taken. It 
was appropriate for use in this analysis due to the interval nature of the data.  
 
Chi square is used to test for an association between two variables and 
answers the question “are the differences between the ‘observed’ and 
‘expected’ cell counts large enough to infer an association in the tested 
population?” (Pallant, 2016). In addition to descriptive analysis, Chi square 
was used to test for associations between BMI and reported issues within the 
working environment related to fit and space; such as seat size, uniform and 
 123 
toilet cubicle size. There was no obvious dependent variable so multiple 
regression analysis was not appropriate. 
 
The exclusion rate (Weekes et al., 2010) was investigated for each 
measurement. Typically design practice is to accommodate from the 5th 
percentile up to the 95th percentile of the target population - that is aiming to 
accommodate 90% of the population. Additional safety tolerances may be 
added to the design limits, for example when design situations involve a risk 
of injury, necessitating design to accommodate a larger proportion of the 
population, for example the 1st to 99th percentile - that is to accommodate 
98% of the population. Therefore, exclusion rate is calculated as the 
percentage of the study population that might potentially be excluded by a 
design that accommodates the 5th to the 95th percentile or the 1st to the 99th 
percentile for a particular dimension according to existing datasets.  
6.7 Results  
The results are presented for: 
 demographic data including gender and age ranges, ethnicity and 
employment details, Body Mass Index (BMI) classification. 
 anthropometric measurement data of plus size working age people 
(n=101). 
 issues experienced by plus size people at work. 
 comparison of the study  anthropometric measurement data to existing 
datasets. 
6.7.1 Demographics      
113 responses were received. 12 responses were rejected following data 
cleansing due to missing weight or height data resulting in a sample size of 
101. 101 participants (47 males and 54 females) in employment completed 
the study (Table 6.3).  
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Age Range Number of Participants 
Male (n=47) Female (n=54) 
18-24 years 7 9 
25-44 years 18 24 
45-64 years 22 21 
Table 6.3 Age and gender distribution (n=101) 
 
62 % of participants classed their ethnic group as ‘White; 22% as Asian and 
13% as Black or Black British’. 5% classed themselves as ‘Mixed’ ethnicity 
participants. All participants (n=101) were currently employed in 9 main 
employment sectors (Figure 6.2). The healthcare industry employed the 
highest percentage of participants (19%). All participants (n=101) were 
resident in the United Kingdom and classed themselves as plus size. 
 
 
 
Figure 6.2. Employment sectors of participants (n=101) 
 
 
n=9
n=19
n=15
n=15
n=18
n=8
n=5
n=3
n=9
Employment sectors of participants 
Education
Healthcare
Transport
Retail
Hospitality
Construction
Financial
Legal
Public Services
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Based on the self-measured stature (cm) and weight (kg) values, BMI (kg/m2) 
was calculated (Table 6.4) for each participant using; 
 
𝐵𝑜𝑑𝑦 𝑀𝑎𝑠𝑠 𝐼𝑛𝑑𝑒𝑥 (𝐵𝑀𝐼) =
𝑀𝑎𝑠𝑠 (𝑘𝑔)
𝑆𝑡𝑎𝑡𝑢𝑟𝑒(𝑚)2
 
Figure 6.3 BMI calculation (Keys et al., 1972) 
 
Mean BMI for males was 40.3 kg/m2 (SD 8.4 kg/m2) and mean BMI for 
females was 43.5 kg/m2 (SD 8.5 kg/m2 ).  
 
 Body Mass Index (BMI) kg/m2 
≤ 29.9 30-
34.9 
35-
39.9 
40-
44.9 
45-
49.9 
50-
54.9 
55-
59.9 
≥ 60 
Male 
(n=47) 
1 13 12 6 8 3 3 1 
Female 
(n=54) 
1 4 11 21 5 7 1 4 
Total 
(n=101) 
2 17 23 27 13 10 4 5 
Table 6.4 BMI classification (n=101) 
 
 
6.7.3 Anthropometric data of plus size working age people  
The range, mean, and standard deviation for each of the 14 anthropometric 
measurements collected in this study were determined. The results for male 
participants (n=47) are shown in Table 6.5 and female participants (n=54) in 
Table 6.6.  
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Anthropometric Measurement N Range Mean 
 
Standard 
Deviation Minimum Maximum 
Weight (kgs) 47 93 207 125 27 
Height (mm) 47 1560 1860 1752 62 
Chest Circumference (mm) 47 1100 1650 1341 130 
Abdominal Circumference (mm) 47 1110 1760 1375 134 
Hip Circumference (mm)  47 990 1650 1296 157 
Shoulder Breadth (Bideltoid) (mm) 47 420 760 570 104 
Forward Fingertip Reach (mm)  47 720 1000 812 55 
Sitting shoulder Height (mm) 47 540 770 634 59 
Abdominal Depth (mm) 47 280 840 537 113 
Hip Breadth (mm) 47 390 880 590 109 
Thigh Thickness (mm) 47 230 460 334 59 
Buttock to Front of Knee (mm) 47 540 880 633 70 
Popliteal Height (mm) 47 390 570 453 53 
Knee Splay (mm) 47 460 770 588 71 
Table 6.5 Descriptive statistics for study anthropometric measurements – male (n=47) 
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N Range Mean 
 
Standard 
Deviation Minimum Maximum 
Weight (kgs) 54 88 200 113 24 
Height (mm) 54 1430 1800 1604 86 
Chest Circumference (mm) 54 1000 1700 1303 149 
Abdominal Circumference (mm) 54 970 1620 1308 137 
Hip Circumference (mm)  54 1060 2000 1345 162 
Shoulder Breadth (Bideltoid) (mm) 54 350 800 537 90 
Forward Fingertip Reach (mm)  54 450 920 735 80 
Sitting shoulder Height (mm) 54 490 970 592 80 
Abdominal Depth (mm) 54 320 890 498 111 
Hip Breadth (mm) 54 460 960 609 113 
Thigh Thickness (mm) 54 190 450 310 70 
Buttock to Front of Knee (mm) 54 490 850 618 69 
Popliteal Height (mm) 54 320 500 386 34 
Knee Splay (mm) 54 450 820 577 89 
Table 6.6 Descriptive statistics for study anthropometric measurements – female (n=54) 
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6.7.3.1 Normality of distribution 
To assess the normality of the distribution of scores for each measurement 
the Kolmogorov-Smirnov statistic was calculated. For male participants, the 
scores for chest, stomach and hip circumference, shoulder breadth, forward 
fingertip reach and abdominal depth (Figure 6.4) were all non-significant (Sig. 
value of more than 0.05) indicating normality.  
 
 
 
Figure 6.4 Distribution of abdominal depth measurements for male participants (n=47) 
 
Weight, sitting shoulder height, hip breadth, thigh thickness, buttock to front 
of knee length, popliteal height and knee splay showed a significant result 
suggesting a violation from the assumption of normality. Skewness score for 
these measurements were all positive indicating a positive skew where 
scores are clustered to the left at lower values. The results for height also 
suggested a deviation away from a normal distribution, but skewness was 
negative indicating a negative skew where scores are clustered to the right at 
higher values (Figure 6. 5).  
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Figure 6.5 Distribution of height measurements for male participants (n=47) 
 
Further analyses of distribution utilising Normal Q-Q graphs were performed. 
A reasonably straight line was achieved for all of the measurements which 
had statistically not shown normality, suggesting some agreement between 
the observed value for scores plotted against the expected value from the 
normal distribution.  
 
For female participants (n=54), the normality of the distribution scores for 
height (Figure 6.6), hip circumference, thigh thickness and popliteal height 
were all non-significant (Sig. value of more than 0.05) indicating normality.  
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Figure 6.6 Distribution of height measurements for female participants (n=54) 
 
 
Weight (Figure 6.7), chest circumference, abdominal circumference, shoulder 
breadth, forward fingertip reach, sitting shoulder height, abdominal depth, hip 
breadth, buttock to front of knee length and knee splay showed a significant 
result suggesting a violation from the assumption of normality. Apart from 
forward fingertip reach, skewness scores for these measurements were all 
positive indicating a positive skew where scores are clustered to the left at 
lower values. For forward fingertip reach, the skewness value was negative 
indicating a negative skew where scores are clustered to the right at higher 
values.  
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Figure 6.7 Distribution of weight measurements for female participants (n=54) 
 
Similar to males, further analyses of the distribution utilising Normal Q-Q 
graphs were performed. A reasonably straight line was achieved again for all 
of the measurements which had statistically not shown normality, suggesting 
some agreement between the observed value for score plotted against the 
expected value from the normal distribution.  
 
6.7.3.2 Correlation analysis of anthropometric data 
For males and females, the relationship between the 14 anthropometric 
measurements collected in this study was investigated using Pearson 
product-moment correlation coefficient (r value). Preliminary analyses were 
performed to ensure no violation of the assumptions of linearity and 
homoscedasticity (the error term is the same across all values of the 
independent variables).  The strength of each relationship (Appendix 6.2 and 
6.3) was interpreted using guidelines suggested by Cohen (1988); 
 
Small (S)   r= 0.10  to 0.29 
Medium (M)   r=  0.30 to 0.49 
Large (L) r=  0.50 to 1.0 
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For males, there was a large, positive and significant correlation between 27 
pairs of anthropometric measurements n=47, p≤0.01 (Table 6.7). The 
strongest correlations were between; hip breadth and abdominal depth r= 
0.77, hip breadth and knee splay r= 0.77 and hip breadth and buttock to front 
of knee r= 0.75.  Chest circumference and hip circumference were also 
strongly correlated r= 0.72. Weight, hip breadth and knee splay showed 
strong associations with the highest proportion of other variables for male 
participants.  
 
For females, there was also a large, positive and significant correlation 
between 27 pairs of anthropometric measurements (Table 6.8) n=54, p≤0.01. 
The strongest correlations were between; weight and abdominal depth r= 
0.77, chest circumference and hip circumference r= 0.74, knee splay and 
abdominal depth r=0.71 and hip breadth and shoulder breadth r= 0.70. Chest 
circumference, abdominal depth and knee splay showed strong associations 
with the highest proportion of other variables. 
 
For each of the large, positive and significant correlations the coefficient of 
determination was calculated (r2) to assess the shared variance between the 
measurements. For males (Table 6.7), hip breadth could help to explain over 
50% of the variance in the participant’s buttock to front of knee length, knee 
splay and abdominal depth measurements, and chest circumference and hip 
circumference also had over 50% of shared variance. For females (Table 
6.8) abdominal depth could help to explain over 50% of the variance in the 
participants weight and knee splay measurements, and similar to the male 
data, chest circumference and hip circumference also had over 50% of 
shared variance. 
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Correlation test 
Males 
Pearson correlation 
coefficient  
(r value) 
Coefficient of 
determination  
(r2 value) 
% variance 
Abdominal depth vs Hip breadth 0.77 0.59 59% 
Hip breadth vs Knee splay 0.77 0.59 59% 
Hip breadth vs Buttock to front of knee length 0.75 0.56 56% 
Chest circumference vs Hip circumference 0.72 0.52 52% 
Abdominal circumference vs Hip circumference 0.67 0.45 45% 
Abdominal depth vs Knee splay 0.66 0.44 44% 
Weight vs Hip breadth 0.64 0.41 41% 
Chest circumference vs Knee splay 0.63 0.39 39% 
Weight vs Abdominal circumference 0.62 0.38 38% 
Sitting shoulder height vs Hip breadth 0.62 0.38 38% 
Abdominal circumference vs Knee splay 0.61 0.37 37% 
Chest circumference vs Abdominal circumference 0.61 0.37 37% 
Sitting shoulder height vs Buttock to front of knee length 0.61 0.37 37% 
Weight vs Hip circumference 0.61 0.37 37% 
Weight vs Chest circumference 0.61 0.37 37% 
Hip breadth vs thigh thickness 0.60 0.36 36% 
Hip circumference vs Knee splay 0.59 0.34 34% 
Forward fingertip reach vs Buttock to front of knee length 0.59 0.34 34% 
Sitting shoulder height vs thigh thickness 0.59 0.34 34% 
Weight vs Knee splay 0.59 0.34 34% 
Weight vs Thigh thickness 0.58 0.33 33% 
Forward fingertip reach vs Sitting shoulder height 0.58 0.33 33% 
Thigh thickness vs Buttock to front of knee length 0.56 0.31 31% 
Chest circumference vs Hip breadth 0.54 0.29 29% 
Knee splay vs Popliteal height 0.54 0.29 29% 
Hip circumference vs Hip breadth 0.53 0.28 28% 
Hip circumference vs Thigh thickness 0.52 0.27 27% 
Table 6.7 Pearson correlation coefficient and coefficient determination for male anthropometric variables (n=47) 
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Correlation test 
Females 
Pearson correlation 
coefficient  
(r value) 
Coefficient of 
determination  
(r2 value) 
% variance 
Weight vs Abdominal depth 0.77 0.59 59% 
Chest circumference vs Hip circumference 0.75 0.56 56% 
Abdominal depth vs Knee splay 0.71 0.50 50% 
Shoulder breadth vs Hip breadth 0.70 0.49 49% 
Weight vs Chest circumference 0.69 0.48 48% 
Chest circumference vs Abdominal circumference 0.68 0.46 46% 
Hip breadth vs Buttock to front of knee length 0.68 0.46 46% 
Weight vs Hip circumference 0.67 0.45 45% 
Abdominal circumference vs Hip circumference 0.66 0.44 44% 
Shoulder breadth vs Buttock to front of knee length 0.66 0.44 44% 
Chest circumference vs Knee splay 0.62 0.38 38% 
Chest circumference vs Abdominal depth 0.61 0.37 37% 
Weight vs Abdominal circumference 0.61 0.37 37% 
Hip circumference vs Abdominal depth 0.61 0.37 37% 
Weight vs Knee splay 0.59 0.35 35% 
Weight vs Hip breadth 0.59 0.34 34% 
Abdominal depth vs hip breadth 0.58 0.33 33% 
Hip breadth vs Knee splay 0.58 0.33 33% 
Chest circumference vs Hip breadth 0.58 0.33 33% 
Abdominal circumference vs Abdominal depth 0.58 0.33 33% 
Abdominal circumference vs Knee splay 0.57 0.32 32% 
Knee splay vs height 0.57 0.32 32% 
Weight vs Buttock to front of knee 0.55 0.30 30% 
Chest circumference vs Thigh thickness 0.55 0.30 30% 
Chest circumference vs Buttock to front of knee length 0.55 0.30 30% 
Hip circumference vs knee splay 0.53 0.28 28% 
Abdominal depth vs Buttock to front of knee length 0.51 0.26 26% 
Table 6.8 Pearson correlation coefficient and coefficient determination for female anthropometric variables (n=54)
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6.7.3 Issues at work 
Participants were asked if they were currently experiencing any issues with 
the equipment they used at work; specifically seat sizes, height of desk or 
working surface, or fit of uniform and PPE (Figure 6.8).  
 
 
Figure 6.8 Fit issues - currently causing issues at work (n=101) 
 
81% of participants (n=81) reported issues with seat size for example chairs, 
stools or in the in the car. 59% of participants (n=59) expressed concerns 
about the height of their working surface (required for legroom clearance). 
62% of participants had an issue with the fit of uniform. Uniform was not 
applicable to another 27% of participants with the remaining 11% (n=11) 
reporting no concern. For the majority of participants (63%) the fit of PPE 
was not applicable. However, of the 37% that utilised PPE over half reported 
problems.  
 
62% (n=63) of participants reported issues with the space in their direct 
working environment affecting their ability to move around without hindrance. 
73% (n=74) identified toilet cubicle size as an issue with 49% (n=50) 
indicating that space in shared areas such as meeting rooms and cafeterias 
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were currently causing them problems. 43% of participants were 
experiencing issues with the width of staircases or corridors within their 
working environment (Figure 6.9). 
 
 
Figure 6.9 Space issues - currently causing issues at work (n=101) 
 
6.7.3.1 Relationship between BMI and issues at work  
The percentage of participants within each BMI category reporting issues 
relating to fit, such as seating, height of working surface, uniform, PPE is 
shown in Table 6.9. The majority (71%) of participants with a BMI between 
30-34.9 kg/m2 reported issues with seat size with the percentage increasing 
as BMI increased. All participants with a BMI over 50Kg/m2 raised seat size 
as an area of concern. No participants (n=2) with a BMI of under 30 kg/m2 
reported issues with the height of their working surface but similar to seat 
sizes the majority of participants in each BMI category over 30kg/m2 reported 
issues. The fit of uniform and PPE followed in a similar pattern to seat size 
and height of the working surface, although issues were reported by a higher 
number of participants (for whom it was relevant) at the lower BMI range. For 
participants with a BMI above 35kg/m2, 92% and 89% reported issues with 
the fit of uniform and PPE respectively. 
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BMI (kg/m2) ISSUE 
Seat size Height of desk/table 
(clearance) 
Fit of uniform Fit of PPE 
Yes No N/A Yes No N/A Yes No N/A Yes No N/A 
Less than 29.9 
(n=2) 
1 
(50%) 
1 
(50%) 
0 0 2 
(100%) 
0 1 
(50%) 
1 
(50%) 
0 0 1 
(50%) 
1 
(50%) 
30-34.9 
(n=17) 
12 
(71%) 
5 
(29%) 
0 10 
(59%) 
5 
(29%) 
2 
(12%) 
7 
(42%) 
5 
(29%) 
5 
(29%) 
2 
(12%) 
5 
(29%) 
10 
(59%) 
35 -39.9 
(n=23) 
18 
(79%) 
4 
(17%) 
1 
(4%) 
11 
(48%) 
10 
(43%) 
2 
(9%) 
16 
(70%) 
3 
(13%) 
4 
(17%) 
5 
(22%) 
2 
(8%) 
16 
(70%) 
40-44.9 
(n=27) 
20 
(74%) 
4 
(15%) 
3 
(11%) 
14 
(52%) 
7 
(26%) 
6 
(22%) 
22 
(82%) 
2 
(7%) 
3 
(11%) 
8 
(30%) 
0 19 
(70%) 
45-49.9 
(n=13) 
12 
(92%) 
0 1 
(8%) 
9 
(69%) 
1 
(8%) 
3 
(23%) 
6 
(46%) 
0 7 
(54%) 
5 
(38%) 
1 
(8%) 
7 
(54%) 
50-54.9 
(n=10) 
10 
(100%) 
0 0 8 
(80%) 
1 
(10%) 
1 
(10%) 
6 
(60%) 
0 4 
(40%) 
3 
(30%) 
0 7 
(70%) 
55-59.9 
(n=4) 
4 
(100%) 
0 0 3 
(75%) 
0 1 
(25%) 
2 
(50%) 
0 2 
(50%) 
2 
(50%) 
0 2 
(50%) 
Above 60  
(n=5) 
5 
(100%) 
0 0 4 
(80%) 
 
0 1 
(20%) 
3 
(60%) 
0 2 
(40%) 
2 
(40%) 
0 3 
(60%) 
Table 6.9 Fit issues reported by plus size participants categorised by BMI (n=101)
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The percentage of participants within each BMI category reporting issues 
relating to space, such as space in working area, toilet cubicle size, shared 
circulation spaces and width of stairways and corridors is shown in Table 
6.10. No participants with a BMI of under 30 kg/m2 (n=2) reported any issues 
related to space at work. Only 5 participants with a BMI between 30-
34.9kg/m2 (n=17) raised shared circulation spaces (for example in café or 
meeting rooms), as an issue and this number was even lower for issues with 
the width of stairways or corridors with only 2 participants identifying issues 
(n=17). Space in the work area, that is space to move unhindered and toilet 
cubicle size were reported as an area of concern for half of the participants 
with a BMI under 35kg/m2. Issues with toilet cubicle size increased sharply 
for participants with a BMI of between 35-39.9kg/m2 with 78% (n=18) 
compared to 13% (n=3) finding it a problem.  
 
Generally, this descriptive analysis suggests that there was an increase in 
issues reported by plus size people with a BMI over 35 kg/m2.  This 
observation was confirmed by a Chi squared test for independence, which 
indicated a significant association between the prevalence of issues reported 
by participants with a BMI of 34.9kg/m2 and under, and participants with a 
BMI of 35kg/m2 and over, for all fit (seat size, height of working surface, 
uniform and PPE) and space issues (space in working area, toilet cubicle 
size, shared spaces, corridors/stairways). (n=101, p ≤0.05). This suggests 
that the issues reported by participants with a BMI of 34.9kg/m2 or under 
were significantly less than those with a BMI of over 35kg/m2. 
 
Due to the small number of participants with a BMI of less than 30kg/m2 (n=2) 
and the constraints of the Chi squared analysis if was not possible to explore 
this area further. 
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BMI (kg/m2) ISSUE 
Space in work area 
e.g. space to move 
unhindered 
Size of toilet 
cubicle 
Shared circulation 
spaces 
e.g. in café or 
meeting room 
Width of stairways 
or corridors 
Yes No N/A Yes No N/A Yes No N/A Yes No N/A 
Less than 29.9 
(n=2) 
0 2 
(100%) 
0 0 2 
(100%) 
0 0 2 
(100%) 
0 0 2 
(100%) 
0 
30-34.9 
(n=17) 
9 
(53%) 
6 
(35%) 
2 
(12%) 
10 
(59%) 
6 
(35%) 
1 
(6%) 
5 
(29%) 
 
10 
(59%) 
2 
(12%) 
2 
(12%) 
13 
(76%) 
2 
(12%) 
35 -39.9 
(n=23) 
10 
(43%) 
12 
(53%) 
1 
(4%) 
18 
(78%) 
3 
(13%) 
 2 
(9%) 
13 
(57%) 
9 
(39%) 
1 
(4%) 
10 
(43%) 
13 
(57%) 
0 
40-44.9 
(n=27) 
17 
(63%) 
5 
(19%) 
7 
(26%) 
18 
(67%) 
8 
(30%) 
1 
(3%) 
12 
(45%) 
9 
(33%) 
6 
(22%) 
12 
(45%) 
7 
(25%) 
8 
(30%) 
45-49.9 
(n=13) 
11 
(84%) 
1 
(8%) 
1 
(8%) 
10 
(77%) 
2 
(15%) 
1 
(13%) 
5 
(38%) 
4 
(31%) 
4 
(31%) 
 
5 
(38%) 
4 
(31%) 
4 
(31%) 
50-54.9 
(n=10) 
8 
(80%) 
1 
(10%) 
1 
(10%) 
9 
(90%) 
0 1 
(10%) 
7 
(70%) 
1 
(10%) 
2 
(20%) 
8 
(80%) 
2 
(20%) 
0 
55-59.9 
(n=4) 
3 
(75%) 
0 1 
(25%) 
4 
(100%) 
0 0 3 
(75%) 
0 1 
(25%) 
3 
(75%) 
1 
(25%) 
0 
Above 60  
(n=5) 
5 
(100%) 
0 0 5 
(100%) 
0 0 5 
(100%) 
0 0 4 
(80%) 
 
1 
(20%) 
0 
Table 6.10 Space issues reported by plus size participants categorised by BMI (n=101)
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6.7.4 Comparison of anthropometric measurement data to existing 
datasets    
6.7.4.1 Comparison of means 
The mean for each of the 14 anthropometric measurements collected in this 
study was compared to the mean for each of the corresponding 
measurements contained within two existing datasets, Peebles and Norris, 
(1998) and Pheasant and Haslegrave (2006) as shown in Table 6.11.  
 
In males (n=47), 7 measurements were substantially larger for the study 
population.  Mean weight (kgs) was 46kgs heavier than the mean weight of 
the two existing datasets. Circumference measurements of the waist and 
hips were larger by 390mm and 250mm respectively and breadth 
measurements were also larger in the study population; shoulder breadth by 
73mm and hip breadth by 197mm. Depth measurements of the abdomen and 
thigh were larger by 256mm (abdominal depth) and 167mm (thigh thickness). 
Only one measurement, forward fingertip reach, was substantially less by 
92mm in the study population compared to the two datasets. Male chest 
circumference is not recorded for British adults aged 18-65 year olds in either 
of these datasets so was not included for comparison. 
 
For female participants (n=54), 8 measures were substantially larger in the 
study population compared to existing datasets. Abdominal circumference 
(+467mm) abdominal depth (+228mm), and hip circumference (+308mm) 
and hip breadth (+228mm) demonstrated the largest differences (Table 
6.11). The mean weight of female participants was heavier by 45kgs. Similar 
to male participants, only one measurement, forward fingertip reach, was 
substantially less (-72mm) in the study population when compared to the two 
datasets.  
 
Knee Splay 
As knee splay is a novel measure (for a non pregnant population), it is not 
possible to make direct comparisons with these datasets. However, as it is a 
breadth measurement pertinent to seating posture, the decision was taken to  
compare it with hip breadth and shoulder breadth (bideltoid) measurements 
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which are commonly utilised to determine seating requirements (Section 
5.3.1.1). For male participants, mean knee splay measurements were 
compared to mean shoulder breadth data in the two existing datasets and 
was larger by 91mm and compared to hip breadth was larger by 195mm. For 
females, mean knee splay measurements were larger than both mean 
shoulder breadth and hip breadth measurements by 166mm and 199mm 
respectively.  
 
For interest, 1st, 5th, 50th, 95th and 99th percentile comparisons between the 
study population (males and females) were performed (Appendix 6.4 and 
6.5). Due to the potential differences in sampling strategy and sample size 
between the current study and the two datasets, exclusion rates were more 
deemed appropriate to understand the potential match/mismatch between 
the current design guidance based on anthropometry and the study 
population.  
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Anthropometric 
Measure 
Male Female 
Study 
Mean 
Existing 
Dataset 
Mean 
Difference Study 
Mean 
Existing 
Dataset 
Mean 
Difference 
Weight 125kg 79kg +46kg 113kgs 68kg +45kg 
Height 1752mm 1755mm +3mm 1604mm 1620mm -16mm 
Chest 
Circumference 
1341mm No male data for 
comparison 
1303mm 1008mm +295mm 
Abdominal 
Circumference 
1375mm 985mm +390mm 1308mm 841mm +467mm 
Hip 
Circumference 
1296mm 1046mm +250mm 1345mm 1037mm +308mm 
Shoulder 
Breadth 
(Bideltoid) 
570mm 497mm +73mm 537mm 458mm +79mm 
Forward 
Fingertip 
Reach 
812mm 906mm -92mm 735mm 807mm -72mm 
Sitting 
shoulder 
Height 
634mm 610mm +24mm 592mm 573mm +19mm 
Abdominal 
Depth 
537mm 281mm +256mm 498mm 270mm +228mm 
Hip Breadth 590mm 393mm +197mm 609mm 411mm +198mm 
Thigh 
Thickness 
334mm 167mm +167mm 310mm 154mm +156mm 
Buttock to 
Front of Knee 
633mm 613mm +20mm 618mm 588mm +30mm 
Popliteal 
Height 
453mm 448mm -5mm 386mm 398mm -12mm 
Knee Splay 588mm 393mm 
 
497mm 
+195mm 
(hip breadth) 
+ 91mm 
(shoulder 
breadth) 
577mm 
 
 
411mm 
 
458 mm 
+166mm 
(hip breadth) 
+119mm 
(shoulder 
breadth) 
Table 6.11 Comparison of means between study anthropometric measures to existing 
datasets (n=101) 
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6.7.4.2. Exclusion rates  
The percentage of the study population that might be excluded from design 
that accommodates up to 95th and the 99th percentile (British adult 18-65 year 
old data) as defined by anthropometric data currently available in the 
literature (Peebles and Norris 1998, Pheasant and Haslegrave, 2006) was 
calculated. A degree of exclusion, was found for 10 of the measurements 
(Table 6.12). For males, the exclusion rate for thigh thickness was 100% at 
the 95th percentile level and 99th percentile level.  In addition, nearly all of the 
male plus size study population would potentially be excluded from design 
that based weight, abdominal circumference and depth, hip circumference or 
hip breadth at the 95th percentile design limit. However, the levels of potential 
exclusion was much higher for females. All (100%) of the study population 
would have been excluded from design in terms of weight, hip breadth, thigh 
thickness and abdominal circumference and depth that used the 95th 
percentile data from the two datasets.  
 
Knee splay 
Once again, because knee splay dimensions are not included in existing 
datasets, exclusion rates for knee splay were estimated by considering hip 
breadth and shoulder breadth measurements. When calculating the 
exclusion rate for knee splay using hip breadth measurements from existing 
datasets, 100% of the male and 99% of the female study population would 
potentially be excluded from design based on the 95th and 99th percentile 
design limits. Using shoulder breadth for comparison, 82% of male and 100% 
of female participants would potentially be excluded using the 95th percentile 
limit, and 79% and 99% respectively at the 99th percentile design limit.   
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Measurement Exclusion Rate (95th percentile) Exclusion Rate (99th percentile) 
Male (n=47) Female (n=54) Male (n=47) Female (n=54) 
Weight   97% 100% 87% 99% 
Chest Circumference 82% 79% 67% 59% 
Abdominal Circumference 95% 100% 93%  98% 
Hip Circumference 98% 92% 71%  78% 
Shoulder Breadth (Bideltoid) 64% 92% 54% 80% 
Abdominal Depth 96% 100% 95% 100% 
Hip Breadth 99% 100% 97%  100% 
Thigh Thickness 100% 100% 100% 98% 
Buttock to Front of Knee Length 23% 47% 18% 21% 
Knee Splay 
  
100% (compared to 
hip breadth)  
82% (compared to 
shoulder  breadth) 
100% (compared 
to hip breadth) 
100% (compared 
to shoulder  
breadth) 
100% (compared to 
hip breadth) 
79% (compared to 
shoulder  breadth 
99% (compared to 
hip breadth) 
99% (compared to 
shoulder  breadth) 
Table 6.12 Exclusion rate (%) determining the percentage of study respondents that might be excluded from design that accommodates 
up to 95th or 99th percentile (British 18-64 year old data) in existing datasets
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6.8 Discussion  
The plus size anthropometry study was conducted to collect anthropometric 
data from plus size working age people pertinent to workplace design and 
subsequently to understand this newly acquired data in the context of 
existing datasets. In addition, a further objective was to identify any issues 
related to fit or space which affect plus size people in the working 
environment and how these issues relate to body largeness in terms of BMI. 
The findings will now be discussed followed by the limitations of the study 
and conclusions.  
 
6.8.1 Anthropometric data 
For plus size males (n=47) and females (n=54), correlation analysis identified 
a strong and significant relationship between 27 pairs of anthropometric 
variables. Correlations differed by gender but all showed a positive 
correlation in that as one measurement increased so did the other. No 
measurements indicated a perfect correlation, in that the value of one 
measurement could be determined exactly by knowing the value on the other 
variable (Pallant, 2016) However, male hip breadth was strongly correlated 
with abdominal depth and knee splay (r=0.77, n=47, p≤0 .01) and buttock to 
front of knee (r=0.75, n=47, p≤0.01). This suggests that hip breadth may be a 
useful measure for forecasting the magnitude of these other measures , for 
example an individual with a 95th percentile hip breadth is also likely to be in 
the higher percentile for abdominal depth, knee splay and buttock to front of 
knee. 
 
For females, abdominal depth was strongly correlated with weight (r=0.77,  
n=54, p=<0.01) and knee splay (r=0.71, n=54, p≤0.01) and 5 additional 
measures (chest circumference r=0.61, n=54, p≤0.01; hip circumference 
r=0.61, n=54, p=<0.01; abdominal circumference r=0.58, n=54, p≤0.01; hip 
breadth r=0.58, n=54, p≤0.01 and buttock to front of knee length r=0.51, 
n=54, p≤0.01) Again, this is a good indicator in terms of the largeness of 
these dimensions. Weight, was strongly and significantly correlated with all 
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three circumference measurements (chest, abdominal and hip), and breadth 
measurements of hip breadth and knee splay for both males and females.  In 
males, the relationship between weight (and thigh thickness was also strong. 
For females weight and abdominal depth, and buttock to front of knee 
showed strong relationships. This suggests, that an increase in weight does 
not relate to just one anatomical area. As weight increases so do 
measurements of circumference, depth and breadth affecting the torso and 
lower body. Due to the dearth of literature exploring the anthropometric 
characteristics of the plus size person it makes comparing the findings of this 
study difficult. However, the large correlation between many variables (in 
different regions of the body) suggests that simplistic descriptions of plus size 
shape as either ‘apple’ (body fat in abdominal area) or ‘pear’ (body fat in 
lower abdominal and buttock/upper thigh area) (Thoma et al., 2012) or 
‘endomorphic’ (Olds et al., 2013) may be unrepresentative of the current plus 
size working population.  
 
The diversity of the plus size shape across the study population is also 
apparent in the percentage of variance shared by pairs of anthropometric 
measurements. For males, just over half of the variation in abdominal depth, 
buttock to front of knee or knee splay can be explained by hip breadth. 
Similarly for females, abdominal depth accounts for half of the variation in 
weight and knee splay but there are likely to be other unknown factors 
involved. These findings, suggest that for each gender there exists significant 
shape variability among plus size individuals. This is a view supported by 
Park et al., (2012) who identified eight body types (including ‘large 
everywhere’, small torso and large lower body’ and ‘large torso surface’) for 
Korean plus size individuals. However, they acknowledged that there still 
remained a wide range of characteristics within each description of body 
shape. This important result potentially has impact on profiling the plus size 
body shape. The distribution of body fat may be help to explain such variation 
in the shape of plus size individuals. All participants in this plus size 
anthropometry self-classified themselves as plus size or larger than average. 
This was supported by the calculation of BMI which confirmed every 
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participant was either overweight (BMI above 25 kg/m2 or obese (BMI above 
30 kg/m2). Therefore, it is likely that participants had a high proportion of 
body fat and differences in the location and magnitude of body fat deposition 
may help to explain this variability in body shape.  
 
6.8.2 Issues at work 
A high proportion of the study population reported issues relating to both ‘fit’ 
and ‘space’ within their working environment. 
 
 “ Nothing I use at work actually fits me. I squeeze into my chair, 
 squeeze past my colleagues to then squeeze into my  company 
 car” (male, aged 45-64 years) 
 
Supporting the results from the scoping study (Masson et al., 2015) seat 
sizes was again reported as the biggest concern regarding the ‘fit’ of the 
working environment, with the majority (81%) of participants reporting issues. 
Despite claims that seating designers have responded to the increase in the 
populations weight by producing products that have more adjustments and 
support features that enable a broader range of people to sit comfortably 
(Bender et al., 2011), the findings suggest that plus size people are still 
experiencing issues; 
 
“ the plastic rim digs into my overhang”  (female, aged 18-24years) 
 
“I can’t use a seat with armrests – I know I won’t fit. It’s quite 
 embarrassing”  (female, aged  45-65 years) 
 
In a small (n=10) interview based study by Kösten et al., (2016) plus size 
people (mean BMI 37 kg/m2) also identified seating as an area of concern.  
Participants reported facing seating options that were not appropriate for their 
weight and a fear of falling off/breaking a chair that will not withstand their 
size. Therefore, appropriate anthropometric data is paramount to seating 
design (Deros, 2015). Pheasant and Haslegrave (2006) recommends that 
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designing appropriate seat sizes depends on understanding the 
anthropometric measurements of hip and shoulder breadth, sitting shoulder 
and popliteal height and buttock to popliteal knee length. Therefore 
understanding the anthropometry of the study population in the context of 
existing datasets may help to explain the issues surrounding seating. This is 
vital given that Benden et al., (2011) in a study of 51 office workers found that 
the more overweight the individual was, the more likely they were to spend 
most of the day seated. The same study also found that those with a BMI 
over 35kg/m2 spent 20% more time seated per shift than those with a BMI of 
34.9kg/m2 or under. Although no reasons were cited in the study for plus size 
people spending more time seated, recent research has suggested 
workplace stigma (Kösten et al., 2016), fatigue (Benden, 2008) and functional 
limitations (Sibella et al., 2003) may be contributory factors. The findings of 
the current study also indicate that design of the working environment may 
be a factor, with 62% reporting issues with the space in their direct working 
area affecting their ability to move around unhindered. Half of the study 
population also reported issues with space in shared areas (meeting rooms, 
restaurants, corridors); 
 
“ I stay in one place because it’s easier than moving around. Then I 
don’t get stuck” (male, 45-65 years) 
 
“ Space – I have no space. I fill the space” (female, 25-44 years) 
 
73% of participants reported toilet cubicle size as problematic. The findings 
are in line with Kösten et al., (2016) who found that 80% (n=10) of plus size 
people identified cubicle space as too small. Doors that open to the inside 
and reduce the space to enter or leave the cubicle, and hygiene concerns 
due to the probability of touching surfaces when manoeuvring were all cited 
as reasons for dissatisfaction with toilet cubicle size. One explanation for plus 
size people encountering difficulties interacting with the surrounding furniture, 
tools, clothes/uniform and space for example in shared areas and toilet 
cubicles is that they are all basically designed for normal weight (BMI 20.2 ± 
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1.0 kg/m2) subjects (Menegoni et al., 2009). Design guidance, such as 
Regulation 10 of the Workplace, (Health Safety and Welfare) Regulations 
(HSE, 1992) and Building Regulations Part M (Department for Communities 
and Local Government, 2015) determine fit and space requirements based 
on existing anthropometric data. Circumferences determine turning circles 
(Pheasant, 2006), breadths, depths and lengths determine ingress and 
egress (Weekes, 2010) and individual space requirements are based on an 
average user (Perry, 2010). Any mismatch between the dimensions of the 
actual user and the design will result in dissatisfaction leading to issues 
(Brewis, 2014). This is further supported by the findings of this study 
comparing issues reported between groups of participants with different 
BMI’s.   
 
6.8.2.1 BMI  
Although some issues were reported by participants with a BMI of 34.9kg/m2 
and under (especially with regard to seat size, fit of uniform and toilet 
cubicles sizes), there was a significant difference (n=101, p≤0.05) in the 
frequency of issues reported by individuals with a BMI of 35 kg/m2 and over 
compared to a BMI of 34.9kg/m2 and under. This was across all issues of fit 
(seat size, height of desk or working surface, fit of uniform and PPE) and 
space (direct working environment, toilet cubicle size, shared areas such as 
meeting rooms or staircases/corridors). This suggests that the working 
environment may be particularly unsuitable for plus size people with a BMI 
over 35 kg/m2. The prevalence of individuals with a BMI of between 35-39.9 
kg/m2 has almost doubled between 1991 and 2013 to 24% for males and 
22% for females (HSCIC, 2013). For individuals with a BMI over 40kg/m2 the 
increase has been three fold to 2% for males and 4% for females and this 
rapid increase is expected to continue with prevalence predicted to rise to 
almost 3% in men and 6% in women by 2030 (Lobstein et al., 2007).The 
relationship between fit and space issues reported by plus size people in the 
working environment and BMI has not previously been explored in the 
literature. The findings therefore represent a useful insight into the extent of 
the problem for individuals with a BMI over 35 kg/m2.  
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6.8.3 Comparison of Anthropometric Data to Existing Datasets 
6.8.3.1 Comparison of means 
By comparing the mean of each measurement collected in this plus size 
anthropometry study with the mean of the same measurement in existing 
datasets, it is identified that the study population is considerably larger.  
However, the results suggest that the participants are not larger all over; the 
largeness is related to circumference, breadth and depth measurements 
rather than the measurements related to length.  
 
6.8.3.2 Measures of length 
For both male and female participants the mean of the length related 
measures of height, sitting shoulder height, buttock to front of knee length 
and popliteal height were similar between the study data and existing 
datasets. However, interestingly, forward fingertip reach, was smaller for the 
study population by 92mm for males and 72mm for females. Measured 
horizontally from the wall to the to the tip of the middle finger with the person 
standing erect with arm stretched horizontally in front of them, this measure 
is vital for establishing reach envelopes. A few studies have previously 
reported on reduced reach for plus size participants compared with normal 
weight individuals primarily due to plus size participants adopting altered 
movement strategies to accommodate their size. For example, Hamilton et 
al., (2013) found that a high BMI significantly affected the maximal frontal 
reach during small parts assembly work. Plus size participants stood further 
away from the workstation in order to accommodate a larger abdominal 
depth. Gilleard and Smith (2007) also reported that plus size individuals 
positioned themselves further away from the working surface, possibly 
because their body dimensions had prevented them standing closer. 
However, neither of these studies reported on the length measure of forward 
fingertip reach being smaller. The shorter forward fingertip reach (compared 
with existing datasets) in combination with an increase in circumference, 
depth and breadth measurements (compared with existing datasets), may 
further compound the apparent reduction in reach of a plus size individuals.   
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6.8.3.3 Circumference, breadth and depth measurements 
Although depth and breadths are simple linear measurements they tend to 
reflect volumetric body size (Annis, 1996). Circumference measurements are 
enclosed curvilinear measurements which say even more about body 
volume. As a result males and females might be expected to show an 
increase in depth, breadth and diameter measurements particularly in areas 
where fat tends to be deposited (Karine et al., 2015). However, the potential 
scale of this increase is less well known. All 7 of the mean circumference, 
breadth and depth measurements collected in this study (Figure 6.11) were 
larger than those in existing datasets. Mean abdominal circumference for 
males and females showed the greatest difference when compared to values 
within existing datasets; 390mm larger for males and 467mm larger for 
females. The depth measure with the greatest difference was abdominal 
depth (256mm larger for males and 228mm larger for females) suggesting 
that changes in the abdominal region of the plus size individual may be 
particularly relevant to accommodating plus size individuals. Park et al., 
(2012) reported that largeness of the abdominal region is a feature of plus 
size body shapes for both males and females.  
 
The large difference in abdominal depth between the study population and 
existing datasets may be in part be explained by the interaction of body parts. 
In a seated posture, the ‘spread effect’ (Weekes et al., 2010) results in in the 
abdominal region being larger than in standing. In standing the abdomen has 
space around it and can take its natural shape under the influence of gravity.  
This occurs to some degree in all individuals. However, when a plus size 
individual sits down the space available below the abdomen is limited by the 
upper thighs. The thighs exert an upward pressure on the abdomen pushing 
it upwards and outwards. As the mean thigh thickness of the study population 
was bigger than the mean of existing datasets by 167mm for males and 
156mm for females, the thighs would displace the abdomen further forwards 
increasing abdominal depth. This may be more problematic in instances 
where seats within the working environment slope backwards, for example in 
vehicle seats (company cars, lorries, buses) as the angle between the legs 
  
152 
and the trunk is further decreased increasing contact between the abdomen 
and thighs.  
 
Substantial differences between the study population and existing datasets 
were not limited to the abdominal region. Measurements of the chest, hip, 
shoulder and thigh regions were also found to larger; all areas for potential 
fat deposition. This suggests that the challenge of producing a modern 
dataset by updating existing older data lies almost entirely in the "fatty" 
dimensions (Open Ergonomics, 2008).  
 
6.8.3.4 Exclusion  
A common compromise in design is to select dimensions to accommodate 
the 5th percentile up to the 95th percentile (Bratmiller et al., 2004) that is to 
accommodate 90% of the population. In some safety critical arenas, the aim 
may be to accommodate 1st to 99th percentile of the population (see Section 
2.2 for definition of percentiles). However, the findings from this study 
suggest that for the majority of measurements (excluding length based 
measures), the study population is substantially larger than the values (95th 
and 99th percentile) cited in most existing datasets. This is likely to result in 
plus size people being excluded and indeed this study identified that for 10 of 
the 14 anthropometric measurements a proportion of the study population 
would potentially be excluded from design in many working environments. 
 
Weight (kgs) is often used to determine acceptable user weight limits for a 
range of seating options, such as office chairs, communal seating and toilet 
seats and their associates components such as arm rests (Capodaglio et al., 
2010).  Although acknowledging that seating is tested to withstand a greater 
weight than its upper user limit (FIRA, 2016), 97% of males and 100% of 
females in the current study would be excluded if the 95th percentile value for 
weight was used. The average male weight was 39 kgs heavier than the 95th 
percentile from existing datasets. 87% of males and 99% of females would 
also be excluded from designs that accommodated up to the 99th percentile 
value in terms of weight (kg). These high exclusion rates for weight have 
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obvious safety implications in that potentially the study population would be 
using equipment that was not designed to support their weight. This has 
been linked to accidents such as falls from height and ill health such as 
musculoskeletal injuries (HSE, 2013). Concerns with regard to safety and 
robustness due to weight limits were also documented by plus size 
participants in an interview study by Kösten et al., (2016) with some 
participants reporting chairs breaking underneath them and 'flimsy' or 
'unstable' looking  chairs  were mentioned as worrying.  
 
Measurements of hip breadth, abdominal depth and thigh thickness were 
also found to have high exclusion rates in this study - these measures are 
particularly relevant when designing for clearance. Thigh thickness is the 
clearance required between seat and underside of table or other obstacles 
(McKeown, 2011). All of the study population would be excluded if thigh 
thickness was used in the design at the 95th percentile level (the mean being 
145mm larger than the 95th percentile in existing datasets). The exclusion 
rate was also 100% for males and 98% for females at the 99th percentile 
level. Lack of under surface clearance may result in individuals being held 
back from the work surface and unable to reach, requiring them instead to 
over lean to complete the task (Annis,1997) or needing to sit sideways and 
twist their upper body. This may be further compounded by findings of a 
study by Paul et al.,(1995) who observed that the working surface height of 
choice for pregnant women was lower than the standard height contained 
within guidance such as 'BS EN 1335-1:2000 Office furniture. Office work 
chair. Dimensions. Determination of dimensions (2000)' with Copodaglio et 
al., (2010) suggesting similar preferences would apply to plus size 
individuals. This kind of guidance could lead to an even greater mismatch 
between the anthropometric requirements and the preferences of the plus 
size working individual and the existing design of the working environment. 
 
Hip breadth, indicative of lateral clearance for seating, is a key measurement 
in the design of chairs and other seating options and can be used for 
example, to determine how many people can fit onto a communal bench or 
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shared seat in a workplace cafeteria. With regard to seating at work the 
Health and Safety Executive specify that the primary requirement of a work 
chair is to enable the user to adopt a comfortable position (HSE, 2011). The 
estimated exclusion rates for hip breadth were 99% for males (95th percentile 
limit) reducing slightly to 97% (99th percentile limit). All of the female study 
population would have been excluded at both limits – the difference was 
approximately 170mm. This suggests in terms of providing adequate 
clearance, the majority of participants in this study could have been excluded 
from current workplace design.  The finding from the validation study, 
Masson et al., (2015) also previously highlighted seating as problematic for 
55% of the plus size respondents. Interestingly, shared seating was seen as 
even more uncomfortable than individual seats by Kösten et al., (2016) due 
to the designated seating area for one person being described by participants 
as 'too small' and 'made worse by having to impose on the other person's 
space'. This once again highlights that when considering shared seating, 
previous guidance (Pheasant and Haslegrave, 2006) suggesting that the 
breadth of a 95th percentile couple is less than twice that of a 95th percentile 
individual may be need rethinking. 
 
Abdominal depth, is used to determine the minimum clearance between the 
seat back and obstructions forward of the seat (McKeown, 2011) for example 
an office chair and the rim of the desk or a car seat backrest and the steering 
wheel.  A design based on accommodating up to the 95th percentile male 
(Peebles and Norris 1998, Pheasant and Haslegrave 2006) would exclude 
approximately 96% of the male study population and 100% of females in 
terms of abdominal depth by approximately 193mm. Designs to include up to 
the 99th percentile still have an exclusion rate of 95% for these males and 
remains at 100% for the females. Abdominal depth, that is the most 
protruding point of the abdomen, influences an individuals posture at the 
work desk or work surface usually forcing the individual to be at a greater 
horizontal distance from the target (Capodaglio et al., 2010) and adopting a 
more flexed sitting or standing posture. As a result the working envelope is 
reduced. (Section 6.8.3.2). If the increased abdominal depth and subsequent 
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reduction in reach is not taken into consideration in the design of the task or 
environment, this may increase the risk of musculoskeletal disorders 
associated with prolonged awkward postures (Wearing et al., 2006). This is 
important as plus size participants in a study by Park et al., (2009) 
demonstrated much higher levels of perceived postural stress across 84 
different working postures than non plus size individuals demonstrating a 
lower threshold for acceptable working postures. The mean BMI in this study 
by Park et al., (2009) was 46 kg/m2, similar to the study mean in the current 
study (40.3 kg/m2 and 43.5 kg/m2 for male and female participants 
respectively).  
 
High exclusions rates from designs based on abdominal depth 
measurements may also have safety implications for example, proximity to 
the steering wheel or seatbelt usage. As transport was one of the largest 
sectors in which the study population was employed, and in addition, 
participants employed within other sectors such as public services, may be 
required to utilise company vehicles, these exclusion rates may be of 
concern. The mean abdominal depth of the study population exceeded the 
95th percentile value from existing datasets by 195mm.  In a situation where 
space is restricted, like a car, such a large difference may require the plus 
size driver to sit with their abdomen very close to the steering wheel. This is 
likely to go against the recommended 250mm distance between the sternum 
and the centre of the steering wheel (Segui-Gomez et al., 1999). Adopting a 
position close to the steering wheel has safety implications and has been 
associated with an increased risk of injury especially in relation to air bag 
activation (Hartgarten et al., 2010).  
 
As well as abdominal depth impacting on space requirements in front of the 
abdomen, more space is required behind the individual to facilitate both 
sitting and standing and to egress and ingress. Accessibility to the working 
area and space to move around unhindered depends upon the design 
incorporating chest, waist and hip circumference measurements combined 
with hip breadth measures to ascertain turning circles and access (McKeown, 
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2011). The high exclusion rate for abdominal depth, combined with high 
percentages of the study population that would be excluded based on the 
circumference measures and hip breadth may further result in plus size 
individuals adopting awkward postures with the associated risks. In addition, 
this may also hinder participation in activities and social roles within the 
working environment (Jackson et al., 2014). This is particularly important as it 
violates the principle of equitable use in Universal Design (Mace, 1997) 
where the design should not disadvantage or stigmatise any groups of user. 
Also, the principle of size  and space for approach and use, indicating that 
appropriate size and space should be provided for approach, reach, 
manipulation and use, regardless of the users body size, posture or mobility 
was also not met; 
 
 “I stay in my chair too long and it’s too awkward to get up as I have to 
 disturb too many other people” (female, aged 18-24 years) 
 
 “I choose carefully, which training courses to go to. The location of 
 some are impossible” (male, aged 45-64 years) 
 
Given the high exclusion rates for the majority of anthropometric 
measurements taken (10 out of 14) in this plus size population, it is not 
surprising that the participants reported substantial fit and space issues 
within their working environments.   
 
6.8.4 Knee Splay 
The measure of knee splay is defined as the distance between the outer 
borders of the knees whilst seated in the preferred posture (Serpil and 
Weekes 2006). It was included in this study because the standard 
anthropometric measurements of knee breadth and hip breadth, for seat 
width and clearance (chairs, toilet seats, shared seating, car seats), are 
measured with the knees together, a posture infrequently adopted by plus 
size individuals (Sibella, 2003). The measurement of knee splay in the plus 
size working population is important for investigation as it may influence an 
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individuals comfort and safety in the working environment. This section 
discusses knee splay and its implications for design.  
 
From the findings presented in Section 6.8.1, it is clear that being plus size 
results in dimension changes affecting all body areas.  For both males and 
females, knee splay was strongly positively correlated with weight, chest, hip 
and abdominal circumference, hip breadth and abdominal depth - as knee 
splay increased the other measures also increased. This suggests that knee 
splay is a good predictor of overall largeness but as it has not previously 
been collected or applied to a non-pregnant population, there is no 
comparable data to explore in existing datasets. The only published data on 
knee splay (Weekes et al., 2010) relates to UK pregnant adults in the third 
trimester, who had a mean stature of 1664mm (SD 70mm). In this sample, 
mean knee splay was 353mm which is 234mm and 224mm smaller than the 
mean male and female data for the plus size study population. Concerning 
the wide knee splay adopted by the study population, Sibella (2003) 
suggested that this position is adopted due to an increased abdominal 
circumference and depth. In addition, Copodaglio et al., (2009) also 
suggesting, following a period of observation of 44 plus size individuals, 
observed that the knees tend to splay apart in the seated posture to facilitate 
trunk flexion and reduce weight on the pelvis. Finally, increases in adipose 
tissue may result in the thighs increasing in size (as suggested by thigh 
thickness measurements). In the seated position, the seat applies an upward 
pressure on the thighs and spreads the soft tissue horizontally, known as the 
spread effect (Weekes et al., 2010). This would lead to an increase in 
individual thigh breadth meaning the plus size individual has difficulty putting 
the knees together, resulting in an increase in knee splay. Plus size 
participants reported both discomfort; 
 
 “I drive a van for at least 8 hours a day. The seat doesn’t support my 
 upper legs and my knees rest on the gear change one side and the 
 door the other” (male, 45-65 years) 
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and embarrassment; 
  
 “my nightmare is someone coming to sit next to me in the breakout 
 room”  (female, 18-24 years) 
 
and experienced a high prevalence of fit and space related workplace issues 
which may be influenced by the knee splay findings of this study. When 
compared to existing hip breadth data (Pheasant and Haslegrave, 2006), 
mean knee splay exceeded the 95th percentile values by 180mm for males 
and 108mm for females suggesting that current anthropometric datasets are 
not inclusive of plus size individuals when consideration is given to positions  
of comfort frequently adopted or indeed positions adopted due to anatomical 
or physiological necessity. Current design practices and data sets are likely 
to have excluded over 99% of the male study population and 100% of the 
female study population using both the 95th and 99th percentile criteria. 
Considering shoulder breadth (bideltoid) for comparison, 82% of male and 
100% of female participants would potentially be excluded using the 95th 
percentile limit, reducing to 79% and 99% respectively at the 99th percentile 
design limit. These high exclusion rates may help to explain why plus size 
individuals in previous research by Kösten et al., (2016) found the width of 
the seating area much too small. Participants are also often forced to sit on 
the outside part of the seat so that there is more space between the 
individual and the other person. 
 
There is strong evidence that; 
 plus size individuals (by preference and necessity) adopt a different 
posture and sit with their knees widely spaced.  
 knee splay measurements are substantially larger than existing hip 
breadth or shoulder breadth measurements.  
 knee splay measurements are substantially larger than existing knee 
splay measurements documented for pregnant women. 
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 plus size individuals report high number of issues related to clearance 
(seat sizes – shared and individual , height of working surfaces, 
space to move around unhindered). 
 there are high exclusion rates from existing design practices based on 
knee splay data. 
Consideration should therefore be given to including the functional measure 
of knee splay in existing datasets and subsequent design activities to include 
plus size people in workplace design.     
 
One of the knowledge gaps when designing to include plus size people is the 
lack of a current anthropometric dataset of the plus size population. The 
collection of anthropometric data is extremely time consuming and expensive 
(Pheasant and Haslegrave, 2006) and often data is estimated for this reason 
(Ward, 2011; Cavdar, 2014). In addition, it is known that secular changes can 
occur quite rapidly in populations (Park et al., 2013), but surveys are rarely 
repeated at frequent intervals leading to the use of outdated data which may 
be at best an approximation of the actual user population (Gupta et al., 
2010). However, employers have legal duties to provide workplaces suitable 
for their employees (The Workplace; Health, Safety and Welfare) Regulations 
HSE, 1992). In December 2014, the EU highest court stated that being plus 
size can ‘constitute a disability if it “hinders full and effective participation by 
the individual concerned in their professional life on an equal basis with other 
workers; (Equality and Human Rights Commission, 2015). This implies that 
whether or not a person could be classified as disabled could, among other 
things, be determined by the design of the workspace and the extent to which 
it includes the needs of the plus size individual.  
6.9 Limitations  
Although the sample size was appropriate in terms of age and gender 
spread, a larger sample size would have allowed a greater representation of 
the plus size working population and more confidence in the findings. The 
sample size fell short of a statistical power formula proposed in ISO 
15535:2012 General requirements for establishing anthropometric databases 
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(International Standardisation Organisation, 2012) which suggests a sample 
size of closer to 300 to establish a database with the required level of 
accuracy. However, it was not an objective of the study to create a database. 
Participants were recruited to the study via a non-probability sampling 
strategy. It is therefore possible that the sample could be non-representative 
of the plus size population which may introduce other potential biases. 
Random or stratified sampling techniques were considered but to the 
relatively unknown population and the anticipated difficulty in recruiting 
participants they were not deemed appropriate.  
 
Due to the relatively small sample size (n=101), the sampling strategy or 
potentially the construct that was being measured, the anthropometric data of 
the plus size working age people collected in this study was not normally 
distributed for all measurements. However, further analyses of distribution 
utilising Normal Q-Q graphs demonstrated a reasonably straight line for all of 
the measurements which had statistically not shown normality. Any deviation 
away from a normal distribution should be considered when interpreting the 
findings of this study and in particular comparisons with existing datasets.  
 
The questionnaire element of this study collected quantitative data on the 
issues experienced by plus size people within the working environment. 
Apart from the last question, which enabled participants to make further 
comments related to issues affecting them at work, the questionnaire did not 
facilitate understanding the full context of the issues. Although this detail 
would have provided greater insight into the issues and knowledge to support 
stakeholders in meeting the needs of plus size people at work it would have 
substantially increased the time taken to complete the study impacting on 
response rate (Robson, 2011) and potentially accuracy of the measurement 
component. 
 
Finally, only 2 participants with a BMI of 29.9kg/m2 and under completed the 
study. It was therefore not possible to include them as a separate group for 
statistical analysis and therefore they were merged with participants with a 
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BMI between 30-34.9 kg/m2. Bigger cell counts for lower BMI’s would have 
enabled a better understanding of the anthropometric data and issues for 
these participants.   
6.10 Conclusions 
The results support the following conclusions:  
 Plus size people are clearly larger, but not in all dimensions. Length 
measurements remain similar to existing datasets but measurements 
of breadth, circumference and depth are substantially increased.  
 In males, hip breadth may be a useful measure for predicting the 
magnitude of other anthropometric measurements. In females, 
abdominal depth is useful for predicting largeness. 
 There is much variability in the body shape of UK plus size working 
population. Although some variability can be explained by shared 
variance between anthropometric measurements two plus size 
individuals may have very similar hip breadth measurements for 
example, but very different abdominal depths. The reasons for this are 
unknown. 
 Issues associated with workplace design are reported by a large 
number of plus size people. Seat sizes were found to be most 
problematic. Individuals with a BMI of 35kg/m2 and over reported 
significantly more issues than individuals with a BMI of 34.9 kg/m2 and 
under, suggesting that for these individuals current workplace design 
is inadequate.  
 Exclusion rates, that is the percentage of the study population that 
may be excluded from design that accommodates up to the 95th or 
99th percentile of existing datasets, were high for 10 out of the 14 
measurements collected. These measurements once again relate to 
circumference, breadth and depth rather than measures of length. 
This suggests that anthropometric datasets often used may not be 
appropriate for ensuring inclusion of the plus size population. Findings 
suggest that this lack of appropriate data may be evident in the 
experiences of plus size people with components of design of their 
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environments. Participants frequently reported concerns about “not 
fitting into something”.  This may impact on the safety, comfort and 
performance of these individuals.  
 Knee splay, a novel measure in a plus size population was 
substantially larger than measurements for hip and shoulder breadth. 
Given the functional relevance of this measurement in terms of 
meeting the requirements of the plus size population, consideration 
should be given to using this to determine space and clearance 
requirements within the working environment.  
 
The objectives of the plus size anthropometry study have been achieved by 
the collection of anthropometric data of plus size working age people 
pertinent to workplace design. This has enabled the identification of key 
anthropometric variables that explain body size and shape and also the 
identification of issues related to fit or space which affect plus size people in 
the working environment. Comparison of this newly acquired anthropometric 
data to existing datasets was also achieved, meeting the final objective.  
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7. Stakeholder Interviews 
7.1 Introduction 
This chapter will explore stakeholder preferences for the presentation 
(communication) of the data from Chapter 6 (Figure 7.1).  
 
 
Figure 7.1 Relevant structure of thesis  
 
Chapter 6 reported on an anthropometry study which collected measurement 
data for plus size working age people pertinent to workplace design. The 
findings indicated that the study population have substantially larger breadth, 
width and depth body measurements than populations in existing datasets. 
Knee splay was identified as a key anthropometric variable, however, it is not 
included in any datasets or literature relating to plus size people at work. 
These factors may contribute to high exclusion rates from current design 
practices that seek to accommodate the 5th to 95th or 99th percentile of users 
and may explain the high incidence of fit and space challenges reported by 
participants with a BMI over 35kg/m2.  
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7.2 Aim and objectives 
The aim of this chapter is to identify stakeholder preferences for a resource 
to support them in meeting the needs of plus size people within the working 
environment. This will be achieved by: 
 Identifying a cohort of stakeholders 
 Exploring how stakeholders would like the data from the plus size 
anthropometric study (Chapter 6) presented and accessed to support 
design decisions. 
 Gaining an understanding of the additional information required to order 
support the inclusion of plus size people in workplace design. 
 Producing of a summary specification of a resource to support 
stakeholders include plus size people in workplace design. 
7.3 Research method 
In order to present the anthropometric data (chapter 6) and identify the 
preferences of a resource to support the working methods of a wide range of 
stakeholders (Nicolle et al., 2005), and provide information that meets their 
needs in an accessible format (Kunak, 1990) stakeholders will be engaged 
via semi structured telephone interviews. Semi structured interviews have 
been shown to be successful in allowing participants to speak of their own 
experiences, whilst allowing the interviewer to cover any topics of interest 
that are not naturally raised in conversation (Golafshani, 2003 Robson, 
2011).  
 
Accepting the potential disadvantages of conducting an interview via the 
telephone rather than face to face such as lack of visual cues (Robson, 
2011), unable to gather contextual information (Creswell, 2013) and the 
necessity for shorter interview length due to the earlier onset of participant 
fatigue (Robson, 2011), telephones interviews were deemed advantageous. 
This was in terms of reduced costs but primarily due to reducing the time 
demands placed on stakeholders completing the interview. Focus groups 
were also considered as a possible method to gain an understanding of the 
content and format of information required by the stakeholder in order 
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support the inclusion of plus size people in workplace design but the 
practicality of carrying out focus groups was deemed prohibitive due to the 
time demands that it would place upon stakeholders (Wright, 2005).  
 
7.3.1 Identification of a cohort of stakeholders 
Groups of potential stakeholders were identified based on their involvement 
or vested interest in activities related to these issues (Figure 7.2). 
Stakeholders were defined as ‘any individual, group, or institution who has a 
vested interest in the area of study and/or who potentially will be affected by 
study activities and have something to gain or lose’ (Hoffman et al., 2010)  
 
 
Equipment/tools/furniture 
 
Ergonomist/Human Factors specialist 
Designer 
Physiotherapist 
Occupational therapist 
Occupational health professional  
Health and safety/risk professionals 
Employers 
Procurement professionals 
 
 
Potential stakeholder groups 
Space/workplace layout   
 
Ergonomist/Human Factors 
specialist 
Designer 
Physiotherapist 
Occupational therapist 
Occupational health 
professional  
Health and safety/risk 
professionals 
Procurement professionals 
Architect 
Estates/building control 
Employers 
 
 
 
Uniform/PPE 
 
Ergonomist/Human Factors specialist 
Designer 
Uniform manufacturer 
Dressmaker 
Procurement professionals 
Employers 
 
 
 
 Figure 7.2 Potential stakeholder groups identified based on issues raised in previous 
studies  
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7.3.2 Preliminary questionnaire survey 
The scoping study (Chapter 4) and plus size anthropometry study (Chapter 
6) identified issues with: 
 Fit - of equipment, tools and furniture specifically seating, uniform and 
PPE.  
 Space – workplace layout, circulation and shared spaces within the 
working environment 
A preliminary questionnaire with four sections (Figure 7.3; Appendix 7.1) was 
created for completion by stakeholders prior to the interview to collect  
demographic data and information about job role and level of expertise. The 
questionnaire was designed to immerse the participants in the topic, allowing 
them to reflect on their environments in preparation to the subsequent 
interview. Additionally, by collecting suitable information such as 
demographic data and preferences in advance utilising this preliminary 
questionnaire it would also reduce potential interview time. This information 
was further used to make the interviews more relevant and targeted.  
 
Figure 7.3 Structure of preliminary questionnaire survey 
 
Section one provided a summary of the background information for the 
research including the purpose of the study and how the data would be used 
and stored. This was to enable participants to indicate their informed consent 
prior to undertaking the study. 
 
Section two asked the participant to provide their first name to enable the 
questionnaire to be linked with the telephone interview. The participant was 
Preliminary 
Questionnaire
1. Information, 
consent
2. Job data, 
expertise
3. Anthropometric/ 
Inclusivity
resources 
4. Thanks
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also asked to give their job title and level of expertise. Expertise was 
categorised using the Dreyfus model of skill acquisition (Dreyfus et al., 1980) 
as is therefore divided into five categories ranging from ‘novice’ to ‘expert’. It 
was important gain an understanding of the level of expertise of the 
participants as Johnson (1996) suggests that more experienced stakeholders 
will be able to provide a deeper insight into the areas of interest. This is a 
consideration for the sampling strategy.  
 
Section three collected information about whether the participant utilises 
anthropometric data in their working practices (Yes or No). If yes, then 
participants were asked to indicate the extent of use for specific groups of 
resources; 
 Tables e.g. Bodyspace,1 Adultdata2 
 Web based databases e.g. Peoplesize3, DINED4 
 CAD packages e.g. Sammie5, JACK,6 ErgoLink7 
 Inclusive design websites 
 Simulation tools e.g. Cambridge simulation glasses/gloves, bariatric 
suits 
The above resources included the main anthropometric and inclusive design 
resources identified in Chapter 2.  
 
  
                                             
 
1 Pheasant and Haslegrave (2006);  
2 Peebles and Norris (1998) 
3 Open Ergonomics (2008) 
4 TU Delft (2004) 
5 Sammie CAD Ltd, Loughborough University (1995) 
6 Siemens (2011) http://www.siemens.com/tecnomatix 
7 Sun Group Design (2012 )http://sungroupdesign.com 
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7.3.3 Interview schedule 
The interview schedule was developed (Table 7.1 and Appendix 7.2) based 
on a review of previous literature and methodologies (Chapters 2 and 3), and 
to achieve the objectives of the study. Three main themes were used as 
broad discussion points;  
 anthropometric data,  
 information to assist in the understanding of issues experienced by 
plus size people in the working environment and  
 resource requirements.  
 
Interviews were designed to last approximately 20-30 minutes. This was an 
acceptable time according to Robson (2011); long enough to provide 
valuable information without making unreasonable demands on interviewees. 
Prompts were prepared for each topic from the preliminary questionnaire and 
used to encourage more depth to the interview (King and Horrocks, 2010) 
 
The first theme ‘anthropometric data’ introduced the new dataset (reported in 
Chapter 6) explored whether such data will be useful to the stakeholder and 
their organisation. Participants were asked to give examples of how they 
might use such data, for example in current/recent projects to encourage 
participants to immerse themselves in thinking about their activities on a day 
to day basis. This theme also allowed the interviewee to explore the 
preferred format for the presentation of this anthropometric data in order to 
be of most use to stakeholders. Prompts and probes were used based on 
previous information they had given in the preliminary questionnaire based 
survey such as ‘you mentioned in the questionnaire that you used Adultdata 
most often’.   What features do you like? What features do you dislike?  
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Discussion 
Points 
Questions and prompts 
Introduction  Purpose and nature of study, anonymity, consent for 
participation and recording, use of data, structure of 
interview 
Anthropometric 
data 
Usefulness of plus size data, give examples if 
necessary. Current use? Awareness? What you 
like/dislike? Unmet needs? Improvements? Relative 
importance? Preferred layout/delivery?  
Information to 
assist in the 
understanding of 
issues 
experienced by 
plus size people 
To encourage empathy/diversity – approaches you 
might use? Examples? How do you find out about end 
users? Positive/negative examples of design for plus 
size? What would need to be different to include plus 
size? 
Design resources 
to support 
inclusion for plus 
size people at 
work 
What would you like included?   (case studies, 
persona, blogs, day in life) Current use? What you 
like/dislike? Unmet needs? Improvements? Format 
and access? Training/education needs? Have you 
received any training/education related to plus size? 
Need? Useful experiences of training? Accessing 
training. 
Conclusion and 
Thanks 
Additional comments not covered. Examples of 
resources not mentioned? Thanks for completing 
interview. 
Table 7.1 Summary of proposed questions and issues for discussion during interview 
 
The second theme, ‘information to assist in the understanding of issues 
experienced by plus size people’ summarised the issues identified by plus 
size people in the scoping study (Chapter 4) specifically;  
 Fit – seating (personal and shared), height of working surface, 
uniform, PPE 
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 Space – workplace layout, space to move round unhindered, toilet 
cubicle size 
 Organisational issues – how plus size were perceived within the 
working environment.  
 
Participants were asked about their ideas for information they would like 
including within a resource that would help them with understanding the 
issues affecting plus size people within the working environment. 
Organisational issues identified from the scoping study, for example how plus 
size are perceived within the working environment were included in the 
introduction to this theme to encourage stakeholders to think about empathy 
and diversity issues as well as physical issues (Allanwood and Beare, 2014). 
Due to the limited literature on plus size people at work (as discussed in 
Chapter 2) it is acknowledged that participants may have limited experienced 
of designing specifically to include plus size people. Therefore prompts and 
probes were included to draw upon experiences from designing for other 
groups of end users as appropriate. 
 
The third theme ‘what stakeholders would like included in a resource aimed 
at including plus size people in workplace design broadly focussed on the 
topics of content of a resource, format and access and finally opportunities 
for education and training.  This theme was included to explore aspects that 
are documented in literature as supporting design decisions and encouraging 
inclusion such as persona (Pruiitt and Adlin, 2006), case studies (Crowe et 
al., 2011), simulation tools (Gable et al., 2014) as well as exploring tools not 
know to the interviewer. This theme also allowed the interviewer to explore 
the preferred format for a potential resource aimed at supporting 
stakeholders in including plus size people in workplace design.  
 
The interview schedule concluded with a question inviting participants to 
comment further on any themes as appropriate before thanking participants 
for their time and participation in the study. Ethical approval for the 
preliminary questionnaire survey and subsequent interview schedule was 
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granted by Loughborough Design School, Loughborough University 
(November 2015).   
7.4 Pilot study 
A pilot study was performed to check the; 
 online structure of the preliminary questionnaire 
 clarity of the questions in the preliminary questionnaire 
 structure and flow of the interview schedule 
 prompts and probes 
 responses  
 time taken to complete the interview   
 data analysis strategy  
 reliability of the recording device 
 
7.4.1 Participants 
A convenience sample of 2 potential stakeholders (female) completed the 
pilot study. Convenience sampling is an acceptable sampling method for a 
pilot study (Robson, 2011).   
  
7.4.2 Findings/modifications 
The pilot found that the method was appropriate but additional prompts were 
needed for the second theme of ‘information to assist in the understanding of 
issues experienced by plus size people’ to encourage depth and breadth of 
responses related to designing to meet the needs of a range of end users.  
The interview time was 22-27 minutes.  
7.5 Data collection for stakeholder interviews 
7.5.1 Sampling strategy  
It was deemed essential that stakeholders should have relevant experience 
or expertise in order to provide insightful contributions (Kirk et al., 2015). 
From the range of potential stakeholders profiled in Section 7.3.1 a non-
probability sampling strategy was used as a combination of ‘purposive’ and 
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‘snowball sampling’. Purposive sampling was considered the most 
appropriate strategy given to meet the specific needs of the sample (Dolores 
and Tongco, 2007); participants were recruited from respondents who 
expressed in interest in being involved in research via generic emails to 
interest groups/forums and through personal contacts.  
 
7.5.2 Sample Size 
Kirk et al (2015) suggests that in practice, 4-6 participants selected to 
represent a good inclusive range of characteristics and contexts can provide 
a significant amount of information and evidence of issues that was not 
apparent beforehand. In addition, Virzi (1992) suggests that 80% of issues 
with the usability of resources can be detected by 4 or 5 participants and 
fewer new insights are revealed as the number increases. A sample size of 
8-12 participants was deemed appropriate based on the; 
 range of stakeholder profiles identified (10) 
This was refined based on the point of theoretical saturation (Saunders, 
2012). 
 
All participants were aged 18 years and over with some experience of 
utilising anthropometric data and/or design resources/toolkits.  
 
7.5.3 Data collection strategy 
Potential participants identified through the sampling strategy were contacted 
by phone or email to discuss: 
• Participation in the study 
• Appointment time for stakeholder interview  
 
7.5.3.1. Preliminary questionnaire  
An information sheet detailing the purpose of the study and their right to 
withdrawn at any time (Appendix 7.3) was emailed to the participant along 
with the link for the online preliminary questionnaire. Participants were 
requested to complete and submit the online questionnaire prior to the pre-
arranged date of the interview.  
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7.5.3.2 Stakeholder interview 
The telephone Interview was conducted on a semi-structured basis and an 
audio record was taken using a digital voice recorder (Ultradisc DVR-7) and 
saved digitally. The interview followed the schedule detailed in Section 7.3.3 
and participants were invited to ask questions as necessary throughout the 
process. The researcher also recorded the interview responses manually 
(pen and paper) during the interview.  
7.6 Data analysis 
Interview data was transcribed verbatim in Microsoft Word version 8 (2014). 
Each interview transcript was then uploaded into NVivo10 software, and 
coded thematically by the researcher within NVivo using quasistatistical 
analysis (Fereday, 2008). A quasi-statistical approach uses the frequency of 
references from participants to determine the importance of key themes 
within the interview. A template approach allows these key themes or ‘nodes’ 
(derived from an initial read of the data) to be used as a template for data 
analysis, which can change as analysis progresses. Main themes were 
identified and then further sub-coded to make them more specific. Quotes 
are used to support and illustrate the findings of the interviews.  
7.7 Results/Discussion of findings  
The results are presented for the preliminary questionnaire survey and 
subsequent interview study. Quantitative data from the questionnaire 
(Section 7.7.1) provides demographic data (gender, employment role and 
level of expertise of the participants) and the usage of anthropometric data.  
Qualitative data from the in-depth semi-structured interviews are reported in 
Section 7.7.3 in combination with a discussion of the findings. 
 
7.7.1 Demographics      
10 participants (6 males and 4 females) completed the study with 6 different 
employment roles (Table 7.2).  
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Employment Role Number of Participants (n=10) 
Ergonomist/Human Factors 
specialist 
3 
Health and safety/risk 
professional 
2 
Designer 2 
Occupational health professional 1 
Estates/building control 1 
Occupational Therapist 1 
 Table 7.2 Employment roles of participants (n=10) 
 
All participants classed their level of experience in their field as ‘proficient’ 
(n=7) or ‘expert’ (n=3).  
 
7.7.2 Anthropometric data usage and resources 
100% of participants (n=10) utilised anthropometric data in their 
working/design activities. Anthropometric data was most frequently accessed 
using tables such as Bodyspace (Pheasant and Haslegrave, 2006) and 
Adultdata (Peebles and Norris, 1998) with 9 participants using this method 
often (Figure 7.3). Web based databases such as PeopleSize (Open 
Ergonomics, 2008) were used often by 2 participants but 5 participants had 
never used this resource. The majority of participants had never used either 
CAD packages (n=9) or simulation tools (n=6). Inclusive design websites 
(inclusivedesigntoolkit.com) had been used rarely by half of the participants 
(n=5) with only 3 participants using them often (n=1) or occasionally (n=2).  
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Figure 7.3 Resources used by participants (n=10) during working/design activities 
 
Two comments relating to the accessibility and currency of resources in 
Figure 7.3 were reported by participants.   
 
“ I know there is a more up to date resource but I can’t get access to it”  
 (participant 9) 
 
“ Its nearly older than me, the data must have changed” (participant 1) 
 
7.7.3 Qualitative analysis – Stakeholder Interviews 
During the interview, three main themes (Section 7.3.3) were used as broad 
discussion points;  
 anthropometric data,  
 information to assist in the understanding of issues experienced by 
plus size people in the working environment and  
 resource preferences 
After reading through the interview transcripts repeatedly, a number of sub 
themes were identified within each of the main themes. These sub themes 
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were then further analysed to create more sub themes with a quasi-statistical 
approach determining the importance of themes based on how often they are 
referred to within interviews. An example of this thematic analysis is shown in 
Figure 7.4. 
 
Figure 7.4 Example of major thematic analysis from stakeholder interviews (n=10) 
 
 
7.7.3.1 Anthropometric data 
A total of 170 references were coded under the theme of anthropometric data 
resulting from the thematic analysis (Figure 7.5). All participants (n=10) 
thought that an anthropometric data set providing a greater insight into the 
size and shape of the current plus size working population would be useful to 
them or their organisation. 36 references were made by participants as to 
why such data was required.   
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Figure 7.5 Anthropometric data thematic analysis from stakeholder interviews (n=10) 
 
 
The main reasons cited was the age of current data sources (11 references) 
and concern about the relevance of current sources (10 references); 
 
“my worry about that is that they’re getting a little dated now” 
(participant 2) 
 
“we either estimate where they might need additional space due to 
their size because the data we normally use doesn’t seem appropriate 
for them”  (participant 7) 
  
The need for additional anthropometric data to support stakeholder working 
practices and design decisions is a view supported by Gordon et al., (2012) 
and Park et al., (2012) who both suggest that despite the growing prevalence 
of being overweight, obese and classed as plus size, the anthropometry of 
this population has not been studied enough to minimise the impact on 
design. Participants highlighted examples where despite following the most 
up to date anthropometric guidance; 
  
Anthropometric 
data
Usefulness
Format Access Features
Like/Dislike Missing
Relevance
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 “it was obvious it wasn’t going to fit…..it was nowhere near”  
 (participant 3) 
 
Interestingly, participants identified the urgency for supplementing the current 
anthropometric data available for minimising not only issues now, but also for 
preventing even more problems in the future. This suggests that design 
decisions made today based on the current anthropometric data may still 
have impact in 2050. This is of interest as the incidence of being plus size 
and the actual size of the population in terms of BMI, is predicted to increase 
to even higher levels (HSCIC, 2013) implying that designs based on existing 
anthropometric data may accommodate even less of the population by 2050.  
 
“remember… design of buildings and modes of transport such as 
trains and aeroplanes are essentially 20-30 years behind the data 
(participant 7) . 
 
24 references were made by 9 participants about where such anthropometric 
data might be used in their working activities (Table 7.3).  
 
Industry/environment Task Number of references 
Transport Seating design 3 
Cab layout 2 
Office Workstation layout 4 
Seating design 3 
Shared spaces 2 
Retail Uniform 2 
ATM design 1 
Uniformed services PPE 2 
Unspecified Toilet design 3 
Room to move around 2 
Table 7.3 Instances where anthropometric data (providing a greater insight into the 
size and shape of plus size people) would have been used. 
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Within these different tasks, the 9 participants made a further 35 references 
why the additional data would aid them in their working/design activities. 12 
references implied that the data to include plus size people in workplace 
design was either missing or they had been unable to find the data they 
required; In addition, 9 references were made to the need to have data that 
was representative of the population;  
 
“I think a lot of the stuff on the PPE side has been done for the military 
so it’s mostly on the male side and I can’t imagine they were plus size” 
(participant 6) 
 
Interestingly, the benefit of having guidance/regulations/published information 
was raised by 8 participants accounting for 12 of the remaining 14 
references. 8 references related to the importance of having this information 
available to satisfy clients; to for example, justify the recommendation for 
wider seating options within the working environment. 4 references 
concentrated on how having some guidance/regulations/published 
information would have benefited the participant (Table 7.3).  
 
 “unless it’s specifically mentioned in black and white then they may not 
 agree” (participant 1) 
 
“it would be useful to have that sort of guidance out there, then I might 
be able to help them. At the moment it's not available” (participant 4) 
 
“clients assume I know – I’m the expert. The reality is, I base it on my 
experience and my best guess” (participant 5) 
 
Participants were asked about their preferred format for the presentation of 
this newly acquired anthropometric data (Chapter 6). Although format and 
access were separate in the interview schedule, all participants commented 
that access was more important than format.  
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 “if I can’t access it, I can’t use it and then it doesn’t matter what form it 
 takes” (participant 8) 
 
 “I know there is a more updated version of the anthropometric data I 
 use, but we don’t own the licence so that’s a big barrier” (participant 4) 
 
Views on how to access the data were however mixed, with similar number 
of references made to accessing the data via a hard source, web based, via 
an app or web based with the ability to download (Table 7.4).  
 
When prompted, all 10 participants made suggestions for the data 
presentation with 33 references. The most positive responses (11) related to 
preferences for an interactive format;  
 
“more interactive versions, let’s say for example, having a picture of a 
plus sized person and then being able to click on a measurement and 
see exactly what it measures would be helpful I think”  (participant 7) 
 
Seven references were made about presenting the data using visual cues, 
for example to identify the body part. The ability to switch between 
percentiles and actual measurements (mm) was also mentioned by half of 
participants (n=5). Although presenting the data in a table was referenced 
negatively by 4 participants (5 references) because of the lack of meaning of 
the dimensions and lack of context provided by a list of numbers, a further 2 
participants  responded positively to the use of tables (2 references); 
   
 “Tables are good in that you can look up the individual’s 
 measurements and percentiles and refer back to standard etc. That’s 
 what people are used to…” (participant 6)
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Access Number of 
references (n=28) 
Examples 
Hard source 8 “Being of a certain age I’m less 
comfortable using anything 
demanding high level 
computing wise” (participant 2) 
 
“Good to show clients the 
actual data at their desk so an 
actual hard copy is a must” 
(participant 3) 
 
Web based 7 “I would like to access it online” 
(participant 9) 
 
“Online – we’re under pressure 
not to print” (participant 7) 
 
“So many more options online” 
(participant 1) 
App 7 “Apps -  I’ve used some 
recently which I loved “ 
(participant 10) 
 
“So mobile” (participant 7) 
 
Web based with 
ability to download 
5 “sometimes easier to work with 
a physical document if you’ve 
got to review it or check off 
what you’ve done - but for 
reading and basic information 
working through the online 
version is fine” (participant 3) 
 
“sometimes we don’t have 
access to www so we need to 
take it with us” (participant 4) 
 
Combination – no 
preference 
1 “I think it would be great to 
have various options” 
(participant 7) 
 
Table 7.4 Participants preferences on how to access the anthropometric data 
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The high number of suggested ideas from participants with regards to the 
format and access of the new anthropometric data illustrated their ability to 
consider ways in which to maximise the usefulness of such data. The 
majority of participants currently utilised anthropometric data sources that 
presented the data in a one dimensional tabular format. This agrees with 
findings by Molenbroek et al., (2000) who suggested that designers and 
product evaluators use one-dimensional data to verify the product-human 
dimension fit. However, the findings of this study indicate that this was 
primarily due to ease of access rather than preference for this format. 
Participants felt that they knew of more up to date sources but did not have 
access to these due to financial or licensing requirements.   
 
One of the major findings was the preference for the anthropometric data to 
be presented in a visual and interactive format This was an important when 
considering both ‘what’ type of resource would be successful and also ‘how’ it 
could be implemented. All participants suggested that practical examples 
such as using plus size people in diagrams to identify realistic body 
dimensions, indicating how a certain body size and shape may be 
represented and including corrections for luggage and winter clothing could 
assist stakeholders in applying the data to their working practices maximising 
usefulness. The anthropometric information was considered just a starting 
point supporting finding by Nickpour and Dong, (2011). Interactive resources 
with an emphasis on context have been shown to promote understanding of 
issues in previous studies by White, (2010) and Pasin and Giroux, (2011). 
More innovative interactive design tools using anthropometric data are 
documented within the literature, for example HADRIAN (Marshall et al., 
2010). However, no participants in this study reported using such tools 
despite wanting the data collected in Chapter 6 to be presented more 
interactively. This highlights the need for the data to be accessible in order to 
be deemed useful (Nickpour and Dong, 2011) and able to inform working 
practices.
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7.7.3.2 Information to assist in the understanding of issues experienced 
by plus size people in the working environment 
A total of 167 references were coded under the theme of information to assist 
in the understanding of issues experienced by plus size people in the working 
environment. Participants (n=10) used a range of methods to find out about 
their end users including observation (2 references), user trials (6 references) 
and simulation suits such as the 'third age' or bariatric suit (6 references).  
 
The use of simulation equipment and materials to encourage engagement, 
interaction and empathic learning has been well documented by Gibb et al., 
(2015). These include the development of ‘Cambridge simulation gloves’ to 
provide an insight into how limitations in hand movement can affect product 
use, simulation glasses which recreate the effects of moderate visual 
impairments, and the ‘third age suit’ which was developed to raise awareness 
of the needs of older drivers (Cook et al., 2009). The use of bariatric suits in 
raising awareness of the issues encountered by plus size people has been 
less well documented with the majority of the research focused on exploring 
weight stigma and body image (Mills and Gill, 2016; Incollingo et al., 2016) or 
in manual handling of bariatric patients education primarily within healthcare 
(Gable et al., 2014). Of the 6 participants that made reference to the use of 
bariatric simulation suits, two reported it as a valuable tool to raise 
awareness of the issues that may be encountered by plus size people 
although only one participant had worn a bariatric suit; 
 
“it enabled me to see the world through different eyes”  (participant 9) 
 
Negative responses to the use of the simulation suits by 4 participants 
centred around ethics, concern that bariatric suits lack realism to body size 
and shape and also that; 
 
“ wearing a bariatric suit for 30 minutes does not make understand 
what it is like to be plus size. It fools you into thinking you understand 
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what the issues are… in fact that’s even more concerning that not 
having a clue” (participant 7) 
 
However, direct contact with the end user(s) was referenced most frequently 
(14) as it was seen as the most appropriate method for eliciting information; 
 
“If you can talk to people – if they’re willing to talk then that’s always 
the best option” (participant 8) 
 
 “It’s something that often people have got their own ideas how to solve  
 the problems they’ve got, so it really is having that face to face  
 communication, which I think is essential”  (participant 10) 
 
Interestingly, 4 references were made by 3 participants, about potential 
difficulties in speaking with plus size people due to embarrassment, not 
wanting to offend and/or draw attention to the issue. In these instances, 2 
participants thought that having guidance about the issues that plus size 
people might experience could be combined with capability guidance to 
improve understanding. The lack of guidance/standards relating to plus size 
people at work was also highlighted by 6 participants (9 references) as an 
important tool to improve the understanding of issues experienced by plus 
size people in the working environment. 
 
“I think there are a lot of people who don’t even understand what the 
problems may be for a plus sized person so even putting something 
really simple out there, for guidance would be really useful” 
(participant 9) 
 
When asked about their experiences of design to include plus size people, 
none of the participants were able to recall positive design examples. 
Conversely, 12 references were made to poor design for plus size people, 
including inappropriate works car rental choices, uniform that didn’t fit, 
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crowded toilet cubicles and most commonly (6 references) mismatch 
between the office furniture and workplace layout;  
  
“It hadn’t been looked at before because of the standard tick box DSE 
assessment had been done, but those sort of questions hadn’t been 
asked” (participant 9) 
 
As well as finding out about end users and exploring good/bad designs for 
plus size people, a major sub theme of raising awareness was identified as 
key in the understanding of issues experienced by plus size people in the 
working environment. 46 references were made suggesting increasing 
awareness as an important factor to consider (Table 7.5). Participants 
suggested that making resources available to explain the issues affecting 
plus size people at work supported by guidance for stakeholders would help 
to raise awareness and hence understanding.  
 
Training at undergraduate or post qualification level was also referred to as a 
way of improving understanding. None of the stakeholders had received any 
education specifically related to plus size people. This led to feelings of being 
unprepared or ‘guessing’ at the needs of plus size people in the working 
environment. Although there is literature exploring the benefits of training for 
raising plus size awareness (Blanch-Hartigan et al., 2013;  Flemming, 2015) 
none of the participants had received any pre or post qualifying education 
related to plus size inclusion at work;  
 
“Everyone knows what DDA means because they’ve had to go on 
some kind of a training course” (participant 2) 
 
All participants thought training would help to raise awareness especially in 
light of the;  
 
“growing importance associated with the plus size demographic being 
on the increase”  (participant 6) 
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Increasing 
awareness 
Number of  
references 
(n=46) 
Examples 
Resources 14 “You need to start from basics because 
it’s not out there” (participant 7) 
 
 “I need something to help me 
understand…see the world through their 
eyes” (participant 3) 
 
“really need to be informed about what 
the issues are for plus size people. I’m 
just assuming I know what the issues 
are” (participant 7) 
 
Guidance 11 “set of guidelines or design 
recommendations that we could refer to, 
to make sure we’ve addressed – even a 
checklist- have you considered this and 
that” (participant 1) 
 
“Clients won’t want to understand plus 
size people unless it’s in a guidance 
document” (participant 6) 
 
Training 11 “It wasn’t an issue when I qualified – 
now it’s a serious issue but nobody’s an 
expert in it to teach us” (participant 8) 
 
“Training of some sort would help me to 
understand”. When you have training 
people take note” (participant 7) 
 
Research 4 “I need to be able to evidence my work 
– with no guidance and no papers its 
difficult. Research into the area would 
help me understand” (participant 2) 
 
Other 6 “Get plus size people to tell me about 
their issues. That would help me to 
understand (participant1) 
Table 7.5 References (n=46) made to raising awareness to help participants 
understanding of issues affecting plus size people at work  
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Preferences for format and accessing potential training was varied. These 
included a 10 minute video accessed online or a half day highly practical 
workshop. Once again the importance of interactive engagement was 
highlighted. Techniques for interactive learning (e.g. ‘hands-on’ tasks and 
practical tests) have been shown to be very successful in previous research 
(Abdulwahed and Nagy, 2009; Pasin and Giroux, 2011) and have been 
shown to increase ability to transfer new knowledge from short term to long 
term memory (Cairncross and Mannion, 2007). This supports the use of such 
formats in the development of an education package to raise awareness and 
support stakeholders in including plus people in workplace design.  
 
7.7.3.3 Preferences for a resource aimed at including plus size people in 
workplace design 
A total of 144 references were coded under the theme of requirements of a 
resource aimed at assisting stakeholders in including plus size people in 
workplace design. 3 main sub themes were identified; 
 purpose 
 content 
 access and format 
An example of the thematic analysis is shown in Figure 7.6.  
 
Figure 7.6 Thematic analysis from stakeholder interviews (n=10) for resource 
requirements 
Preferences for  a 
resource aimed at 
including plus size 
people at work
Content
Case studies Personna Day in the life Guidance Real life solutions
Purpose Access/Format
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Purpose 
Half of participants (n=5) thought the main purpose of the resource should be 
to raise awareness of the issues affecting plus size people within the working 
environment. The remaining half (n=5) thought the purpose of the resource 
should be to enable stakeholders to work with data and with guidance to 
meet the needs of clients and end users. 4 participants acknowledged that 
the resource may fulfil many other purposes such as moving the profession 
forward (n=1), responding to need (n=1), showing we care (n=1) and filling 
the gap between employers and employees (n=1).  
 
 “having something, anything to follow will help us all” (participant 7) 
 
Content 
All participants (n=10) had ideas on the content of a resource aimed at 
assisting stakeholders in including plus size people in workplace design with 
171 references being made in total.  The introduction of guidance, defined as 
‘advice or information aimed at resolving a problem or difficulty, especially as 
given by someone in authority’ (HSE, 2013) was preferred by the majority of 
participants (n=8).  The majority of participants (n=8) were keen to see some 
form of guidance in the content of the resource. References were also made 
to including basic checklists of things to consider (8 references) when 
designing to include for plus size people to act as either as a memory aide (3 
references) or out lining some of the things that people would need to 
consider (7 references). The reasons cited for this was due to both raising 
awareness of the issues and also of having ‘evidence’ to show to clients to 
support recommendations. Suggestions included the use of a basic checklist 
detailing points to consider or annotated diagrams of plus size people in 
working environments with questions to initiate the thought processes 
needed for inclusion. The preference for the production of additional 
guidance by participants in this study was in contrast to the findings of 
various studies of similar stakeholders who reported that the use of such 
resources is currently limited and not effective (Restrepo and Christiaans, 
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2003; McGinley and Dong, 2009). Aurisicchio (2010) believed that this may 
be due to stakeholders being overloaded with information coming from 
multiple sources with the additional issue that seeking information from these 
sources is often complicated and time consuming. Perceived lack of value, 
accessibility (Fidel and Green, 2004) or relevance (Restrepo and Christiaans, 
2003) are also documented. Participants acknowledge that there was a 
danger that the addition of guidance to support inclusion for plus size people 
at work might; 
 
 “be seen as yet something else the employers have to factor in” 
 (participant 5)  
or 
 “yet more hoops to jump through”  (participant 1) 
 
This has placed more demand for the presentation of this information in an 
accessible, usable and useful way.   
 
Preference for including additional design tools such as case studies was 
referenced frequently (16) by participants as a way of understanding end 
users. 13 references were positive in that the participants were keen to see 
them included in the resource; 
 
 “case studies – real life experiences are the things that switch people 
 on” (participant 7) 
        
“Case studies yes, absolutely. They’ll be useful because sometimes 
you’re looking at things, at a problem as part of your daily job and 
actually just going and looking at what other people have done can 
help you generally.  It might not be the exact solution you’re looking 
for, but it can help the thinking process” (participant 4) 
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However, 3 references made by 2 participants, suggested caution with 
implementing case studies based on the risk of limiting their appropriateness;  
 
“When you create a case study you create a particular scenario and if 
people have a problem which doesn’t fit that scenario they can’t see 
beyond the scenario” (participant 1) 
 
“you have to choose your case studies carefully so as not to make 
them appear too specific”  (participant 8) 
         
Case studies, designed to share good practice and demonstrate how others 
address issues and challenges are frequently cited in the literature by a 
range of organisations such as the National Health Service (NHS) and Health 
and Safety Executive (HSE). However, participants in this study emphasised 
the desire for case studies to be short and concise (6 references) preferably 
just one page (2 references) to enable the transfer of knowledge and 
application of solutions across different work scenarios. This supports 
findings by Sayers et al., (2006) who concluded that the most effective 
awareness raising messages are typically short, simple, flexible and 
memorable. Participants also stated a preference for information to be 
positive, focusing for example on the opportunities and benefits provided by 
including plus size people at work (for example, better for all) rather than 
risks and penalties associated with continuing without modifying current 
practices. 9 participants also made 14 references to the importance of 
including photographs or other visuals in the case study;    
   
“pictures/photos…I think we sometimes forget that it can be quite 
hard to imagine” (participant 4) 
 
 “if you’ve got a photograph then that’s brilliant. If you’ve got before   
 and afters that’s even better” (participant 1) 
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The majority of participants (n=9) discussed the need to include ‘real life 
solutions’ as part of content of the resource (13 references). Participants 
wanted information to help them understand how plus size people move (4 
references), the impact of winter clothing or carrying bags on the shape and 
size of the person (2 references); how the anthropometry may affects the 
task and vice versa (2 references) basically; 
 
 “For me, I struggle sometimes to take it to the practical level; they 
 don’t have naked passengers in rail!”  (participant 7) 
 
 “anything to lift that data and make it applicable to the situations I face 
  everyday” (participant 7) 
 
Several participants (n=4) made 9 references about the use of ‘day in the life’ 
and blogs in the resource as a way of providing stakeholders with 
information. 2 participants felt that blogs were a good way of involving end 
users in the design process especially if plus size people were difficult to 
recruit into user trials.  
 
Although personas are also documented in the literature as a tool to raise 
awareness of the context (Pruitt and Adlin, 2006) only 4 participants had an 
understanding of persona or had used them in their working/design activities 
(Table 7.6).  
 
Personas are fictitious people with personalities that represent typical users 
(Allanwood and Beare, 2014).Used to demonstrate the difficulties a specific 
user group can experience using a product or in a certain environment, they 
may help to understand and visualize relationships between the user and 
their social and physical environments or products (Cooper et al., 2007).  
Griffin (2013) suggests that because they do involve engaging ‘real’ users, 
they may be useful in plus size design as this user group can be difficult to 
access. However, for those participants making references to persona, the 
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majority were negative references due to this exact fictitious nature and the 
perceived danger of stereotyping the plus size individual when little is known 
about their characteristics; 
 
“I don’t want to give them too much because I don’t believe we know 
it” (participant 5) 
 
Negative comments related to 
persona 
Positive comments related to 
persona 
“it makes the people seem like 
cartoon characters” (participant 7) 
 
“I’d rather have a photo of a real 
person with their specific details 
rather than a generic model that 
represents nobody” (participant 3) 
 
“Fact please, not fiction” (participant 
10) 
 
“Dehumanising” (participant 7) 
 
“Always seem to be based on worst 
case scenarios “ (participant 10) 
“well I think I found them really 
useful even just for myself to image 
problems a bit better” (participant 4) 
 
“a different way of thinking about the 
issues” (participant 8) 
 
 
 
 
Table 7.6 References related to the use of persona 
 
Specifications such as interactivity, ease of access and use, and simplicity 
were high priorities and of great importance for participants in terms of the 
usability of the additional information required by the stakeholder in order 
support the inclusion of plus size people. The right level of detail was also a 
key usability issue mentioned by participants.  
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Access and Format 
26 references were made by all participants (n=10) under the sub theme of in 
what form they would like the resource to take and a further 37 references on 
how they would like to access it. Interestingly, all participants expressed 
similar preferences for form with the majority of references highlighting the 
need for an interactive format (17) and the use of visual cues either 
photographs, diagrams or scenarios (15) to; 
 
“show me what we’re talking about … pictures are so more powerful 
than words or a table with numbers in it!”  (participant 10) 
 
Similarly to section 7.7.3.1 focussing on the anthropometric data there was 
no consensus on how to best provide access to support design decisions. 
There were mixed views from participants regarding a resource being 
introduced in the form of a mobile phone app. 6 participants were keen to 
pursue access via an app primarily because it was mobile (4 references) you 
always had it with you (3 references) and it had potential to be interactive (4 
references). Despite these benefits of interactivity and mobility (Ventola, 
2014), increased efficiency in working practices involving decision making 
(Mikan et al., 2013) especially those requiring best practice (Mosa et al., 
2012), 2 participants stated they would never use an app because they were 
unfamiliar with the technology and couldn’t show it to their clients (3 
references). This suggests that the requirement; 
 
“to have something to show the client” (participant 2) 
 
may not be wholly met by an app alone suggesting that additional access in 
another form would be required to encourage widespread engagement for 
range of stakeholders. Similar number of references supported access to the 
resource via the web (6), and hard copy only (5) with a higher number of 
references supporting a combination of web based with the option to 
download a PDF and print as required (12) reported by 4 participants. Web 
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based access with the ability to download information and print as required 
was, therefore, the preferred combination. 
7.8 Limitations 
Participants were selected using a purposive sampling strategy; although a 
relatively small sample (n=10) care was taken to ensure the sample was as 
random as possible by inviting 33 participants from a range of stakeholder 
groups to undertake the interview. However, a bias may have been 
introduced with participants self-selecting to participate.  
 
Although all stakeholder groups (Figure 7.2) were represented in the study 
population, in some groups this was only by a single participant for example 
estates/building control.  It was therefore not possible to attribute comments 
to specific stakeholders as it might have revealed their identity. A larger 
sample size within each stakeholder group may have resulted in the ability to 
compare finding across different stakeholder groups. Although this was not 
an objective of the study, it would have been interesting to ascertain if the 
requirements of the resource was job role specific.  
 
Robson (2011) suggest that there are disadvantages associated with the use 
of telephone interviews including lack of depth of subject analysis due to the 
need to be relatively short and the loss of visual and contextual cues (for 
example, observation of nonverbal responses).  The use of the preliminary 
online questionnaire aimed to collect demographic data prior to the interview 
thereby maximising the time available for the in depth interview. The 
researcher also transcribed the interviews verbatim in order to pick up where 
possible, pauses, corrections and other figures of speech. To overcome 
these potential limitations, further data collection methods could have been 
used, for example focus groups (Phelps and Horman, 2010).  
 
The summary list of preferences has been generated based on the findings 
of the stakeholder interviews. Further refinements in terms of specification 
  
195 
and usability testing would be required prior to implantation to maximise 
stakeholder acceptance. 
7.9 Summary list of preferences  
The increasing quantity, range and diversity of information aimed at 
enhancing working/design practices coupled with the increasing demand for 
person centred and inclusive design has placed more emphasis on the 
outputs of this research to be presented in a useful, usable and accessible 
way. This makes it imperative to capture stakeholder preferences to provide 
optimal information and tools. Based on the findings from the stakeholder 
interviews a list of preferences to direct the design of a resource for 
supporting stakeholders in including plus size people in workplace design 
has been generated. 
 
7.9.1 Purpose 
The resource should; 
 explain (provide the context) why there is a need to consider plus size 
people in workplace design. 
 act to raise the awareness of issues affecting plus size people at work 
(based on published evidence). 
 provide easy access to current anthropometric data.  
 signpost to training opportunities related to plus size people at work. 
 
7.9.2 Anthropometric data 
The resource should; 
 present the anthropometric data visually and interactively in the form 
of a plus size body image with a point and click facility for each 
dimension. 
 enable the anthropometric data to depict the size and shape of the 
generated image to be dragged and dropped in various working 
environments to visualise fit/space. 
 contain allowances for items of clothing and accessories which can be 
added to the generated image.  
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7.9.3 Additional information to support the inclusion of plus size people 
in workplace design  
The resource should; 
 portray the physical and non-physical issues affecting plus size people 
at work. 
 include short, concise case studies to highlight examples of good 
design/working practices including plus size people. These should be 
visual, for example photographs before and after intervention. 
 Persona if used, should be based on real users and include 
psychological and physical elements to help raise awareness of the 
issues experienced by plus size people within the working 
environment. 
 act as a checklist for things to consider within the working 
environment, for example ‘consider the influence of abdominal depth 
on reach envelopes’ or ‘is there enough room under the working 
surface to accommodate the preferred sitting position?’ This may take 
the form of a range of working scenarios with clickable information 
bullets over certain features. 
 contain ‘hints and tips’ for supporting inclusion for plus size people at 
work in terms of ‘access for all’. For example, the provision of a range 
of chairs in shared spaces to accommodate individual preferences, 
range of pool cars.  
 include a link to a short training video aimed at scene setting and 
raising the awareness of issues affecting plus size people at work. 
This should ‘plant a seed’ rather than give specific recommendations 
due to the limited research and knowledge base surrounding the 
capabilities of plus size people at work. 
 
7.9.4 Access 
The resource should; 
 be accessible via a number of sources in order to meet the 
requirements of a range of stakeholders. 
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 offer the facility to download and print off information to meet the 
demands of different clients and stakeholders. 
7.10 Conclusions 
The findings support the following conclusions: 
 A resource supporting stakeholders in including plus size people in 
workplace design would be welcomed by stakeholders from a range of 
backgrounds due to their perceived lack of awareness of the subject. 
 A number of preferences on format, content and access were 
expressed by all stakeholders. Based on the stakeholders suggestions 
there is potential for a resource to be designed and developed 
specifically to meet their needs. 
 The resource would need to go beyond a quantitative approach of 
measuring and listing anthropometric measurements and analysing 
the usability of designs in relationship to people’s capabilities. The 
focus should instead be on raising and understanding the physical and 
non-physical issues experienced by plus size people in the working 
environment. 
 Stakeholders feel that for a resource to be effective it must be visual, 
interactive and accessible; these factors would encourage 
engagement. 
 
The objectives of the stakeholder interview study have been achieved. The 
stakeholders have indicated how they would like the data from the plus size 
anthropometric study (Chapter 6) presented. In addition, it has been possible 
to gain an understanding of any additional information required by the 
stakeholder to support the inclusion of plus size people in workplace design 
and also to explore how stakeholders would like to access this information to 
support design decisions. The production of a summary list of preferences for 
a resource aimed at supporting stakeholders in including plus size people in 
workplace design has achieved the final objective of this study. 
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8. Summary, Conclusions and Wider implications 
8.1 Introduction 
This research has identified and explored issues affecting plus size people in 
the working environment and collected anthropometric data to understand 
the size and shape of this population. Stakeholders were engaged to capture 
their views on the presentation of this data in order to support inclusion for 
plus size people at work: being in work has economic, social and moral 
benefits and has been identified as a key factor in an individual's wellbeing 
(Burton and Waddell, 2006). This chapter summarises the research, provides 
recommendations based on the findings of the research studies presented in 
this thesis and identifies the contribution to new knowledge within the wider 
literature. 
 
8.2 Summary of findings 
The research presented in this thesis has addressed the objectives identified 
in Chapter 1. The previous literature and methodologies related to the study 
of plus size people within the working environment were explored and 
critically appraised (Objectives 1 and 2). Measures of body composition and 
size were discussed and a limited range of research evidencing the physical 
and psychological function of plus size people at work was identified. Being 
plus size has been associated with functional limitations such as altered 
balance, restrictive movement patterns and higher postural stress although 
findings are based primarily on small scale laboratory based studies. Despite 
larger scale epidemiology research suggesting that plus size people are 
more likely to suffer from workplace injury, have higher rates of sickness 
absence and premature job leave, no studies were identified concerning size 
issues experienced in the working environment.  
 
8.2.1 Scoping Study 
To understand the experiences of plus size people at work and identify any 
issues a questionnaire based survey was conducted and reported in Chapter 
4 (Objective 3). Problems related to fit, such as seat size and fit of uniform 
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and PPE were highlighted by the sample size of 135. For individuals required 
to wear a uniform, 51% reported concerns with regards to how it fitted with 
41% having similar issues with PPE. This impacted on their ability to wear 
the uniform/PPE resulting in safety concerns or feelings of exclusion. Seat 
size both within their own working area and in shared spaces was an issue 
for 30% of participants. Comments related to having to squeeze into the seat, 
preference for choosing seats with no arms and poor comfort, may help 
explain why seating was an aspect of the working environment that 
participants would most like to change. Issues related to space impacting on 
the ability to move around the working environment unhindered, were also 
identified. In particular, toilet cubicle size, was the main space issue identified 
with 42% of participants experiencing difficulties. Preventing these issues of 
fit and space within the working environment requires an understanding of 
the anthropometric characteristics of the population using them. The high 
number of physical issues identified in this study suggest that aspects of the 
working environment may be inadequate when consideration is given to the 
increasing prevalence of being plus size in the UK. This necessitates further 
exploration of the anthropometric characteristics of the plus size working 
population. 
 
8.2.2 Anthropometric Measurement Validation Study 
As a result of the fit and space related issues identified, Chapter 5 aimed to 
establish whether self measurement of anthropometric data in a plus size 
working population is a feasible and acceptable data collection method for an 
anthropometric study to understand the body size and shape of the plus size 
working population (Objective 4). Existing literature documents the use of 
self measurement primarily for stature, weight and waist circumference, 
suggesting it as a valid method for collecting this data. However, despite the 
advantages of low cost and resources, especially when populations are 
geographically diverse, no studies were identified that utilised self 
measurement as this kind of data collection tool. Following a review of the 
literature, 14 anthropometric measurements were selected for inclusion in the 
study. A unique measure of knee splay (in a non-pregnant population) was 
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included to represent the observed sitting posture of plus size individuals. 
Self measurement data (completed using a guide) of these 14 
anthropometric measurements relevant to workplace design were compared 
against researcher measured data for the same measurements. Based on a 
sample of 20 participants (10 male and 10 female) no significant differences 
were found between the self and researcher measured data for 11 out of the 
14 measurements (p ≤ 0.05). For 3 measurements; stature, weight and hip 
circumference, the values differed significantly, although in practical terms, 
the differences were relatively small and highlighted known limitations of self 
measurement including response bias.   
 
8.2.3 Plus Size Anthropometry Study 
The larger scale anthropometry study (Chapter 6) using self reported 
anthropometric data aimed to understand the body size and shape of plus 
size working age people in the UK (Objective 4) and identify issues 
experienced in the working environment. 47 males (mean BMI of 40.3 kg/m2) 
and 54 females (mean BMI 43.5kg/m2) completed the study (n=101) with 
findings suggesting that there is much variability among the body size and 
shape of plus size working population. Correlation analysis using Pearson 
product moment coefficient found that in males, hip breadth may be a useful 
measure for predicting largeness in the plus size population, being strongly 
and significantly correlated to a number of other measures. In females, 
abdominal depth was a useful measure for predicting largeness.  
 
Fit and space issues were again reported by the majority of these plus size 
participants (n=101) as previously identified in the scoping study (Chapter 4). 
Seat size was the area of highest concern with 81% of participants reporting 
issues (for example chairs, stools, car seats). The majority of individuals who 
were required to wear a uniform and/or PPE again raised concerns with 
regards to the fit. Toilet cubicle size was identified as an issue for 73% of 
participants and 62% of participants felt that space within their working area 
limited their ability to move around unhindered. Although some issues were 
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reported by all participants, participants with a BMI of 34.9kg/m2 or less 
reported significantly less issues than those with a BMI of 35 kg/m2 and over. 
 
When compared to existing datasets, the results suggest that the study 
population is substantially larger in breadth, depth and circumference 
measurements. Measures of length, such as height and forward fingertip 
reach were not larger. Based on the popular compromise to design to include 
the 5th to 95th percentile of the population a proportion of the study population 
may be potentially excluded, when current design decisions are based on 10 
out of the 14 anthropometric measurements collected. Nearly all of the 
participants were larger than the 95th percentile limit for thigh thickness, 
weight, hip and abdominal circumference, abdominal depth, and hip breadth 
which may impact on safety, comfort and accessibility. Knee splay, 
representing the observed sitting posture of plus size individuals, was also 
substantially larger than the current hip breadth and shoulder breadth values 
in existing data sets. Exclusion rates based on this novel knee splay study 
data were very high for both male and female participants at both the 95 th 
percentile and 99th percentile design limits. 
 
8.2.4 Stakeholder Interviews 
Finally, semi structured telephone interviews were undertaken with 
stakeholders to capture their preferences for a resource communicating the 
findings from objective 4, with the aim of supporting inclusion for plus size 
people at work (Objective 5). The final study, (Chapter 7) concluded that a 
resource to support stakeholders in including plus size people in workplace 
design, would be welcomed. Stakeholders suggested that the purpose 
should be to set the context of why it is important to consider plus size people 
in design whilst raising awareness of the issues currently experienced by this 
population and providing easy access to anthropometric data to support this. 
Preferences were shown towards including case studies, checklists and 
'hints and tips' with anthropometric data enhanced with practical 'add on's' 
such as clothing and equipment allowances. However, to be of benefit, it 
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must be visual and interactive and accessible in a number of formats. 
Preferences for the resource are detailed in Section 7.9. 
8.3 Recommendations 
The findings of the 4 studies indicate that there are a number of opportunities 
for facilitating the inclusion of plus size people in the working environment. As 
a result, a number of recommendations can be made; categorised into 4 
main areas:  
 Recommendations related to fit – including seating and uniform/PPE 
 Recommendations related to space – individual  and shared spaces 
 General recommendations 
 Resource recommendations 
In addition, the furthering understanding of the size and shape of the plus 
size working population could potentially impact on standards and guidance. 
An example of how the findings may differ from or be used to supplement 
specific standards or guidance is discussed in more detail in the subsequent 
sections.  
 
8.3.1 Recommendations related to fit 
The high number of fit related issues (Chapters 4 and 6) in combination with 
the anthropometric data collected in Chapter 6 has led to the following 
recommendations: 
 
8.3.1.1 Seating  
Office seating 
A seat should provide stable bodily support over a period of time in a posture 
that is comfortable, physiologically satisfactory and task appropriate 
(Pheasant and Haslegrave, 2006) regardless of the size of the user. BS EN 
1335-1:2000 Office furniture - Office work chair - Part 1: Dimensions - 
Determination of dimensions (British Standardisation Organisation, 2000) 
specifies the requirements of an office chair in order to achieve this. 
However, findings from this thesis further inform and supplement the 
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information contained within the standard as shown in detail in Appendix 8.1 
and summarised below: 
 Office chairs that meet the specifications detailed in BS EN 1335-
1:2000 will be unsuitable in terms of fit for the majority of plus size 
users. Therefore, an individual assessment of the individual to 
determine their requirements will be required. 
 Office chairs should be highly adjustability to enable users with 
different distributions of adipose tissue to adopt positions of comfort 
and to facilitate function (for example, sit to stand and forward reach). 
 Office chairs should be assessed for suitability in the working 
environment in which they will be used to check for conflicts in terms 
of space. 
Seating in shared areas 
 Within shared areas, a range of seating options should be provided to 
meet the preferences of a range of users. This may include seats 
without armrests, double seats or benches (for example, Figure 8.1) 
Demarcated individual seating spaces (Figure 8.2) may lead to the 
individual feeling as if they are taking up two seats and should be 
avoided.  
 
           
           Figure 8.1 Seating to accommodate a range of user preferences 
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  Figure 8.2 Demarcated shared seating 
 Where seats are combined with fixed table/working surface such as in 
a cafeteria or lecture theatre, additional moveable seating without a 
fixed surface should be provided to encourage use by all.  
 
8.3.1.2 Uniform/PPE 
 Due to the spread effect (Section 6.7.4) uniform and PPE needs to fit 
and be suitable for a range of working postures (standing, sitting and 
bending). This will help to maximise comfort, safety and compliance.  
 Privacy should be maintained during the ordering and fitting procedure 
to minimise embarrassment and any feelings of exclusion. Consider a 
range of uniform options and enabling the individual to try on 
uniform/PPE away from the work environment. 
 
8.3.2 Recommendations related to space 
Similar to fit, the high number of space related issues (Chapters 4 and 6) in 
combination with the anthropometric data collected in Chapter 6 has led to 
the following recommendations: 
 
8.3.2.1 Toilet cubicle size 
The main space issue identified related to the size of toilet cubicles.  
 Toilet cubicle size design recommendations (such as those contained 
within Approved Document M, Department for Communities and Local 
Government, 2015) may need to be reviewed in light of the 
anthropometric data collected in Chapter 6. Consideration should be 
given to the use of knee splay measurement data instead of hip 
breadth to determine seat size. Adequate clearance taking into 
account knee splay should be provided suitable for seated knee use. 
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 In the shorter term, using the term accessible toilet rather than 
disabled toilet may provide an alternative for the plus size individual to 
ingress/egress and manoeuvre within the cubicle without hindrance. 
 Clearance around the toilet seat should be maintained to minimise the 
plus size individual coming into contact with equipment such as 
sanitary bins or toilet roll dispensers. 
 
8.3.2.2 Clearance  
In sitting and standing, the provision of adequate clearance in all directions 
(side to side, forward to backward and at foot level) is essential if the user is 
adopt a satisfactory  posture (Mc Keown, 2011).  
 Knee splay (rather than hip breadth or knee breadth) should be used 
to determine the side to side clearance in seated postures as this is 
the position of comfort and necessity adopted by plus size individuals.  
 At floor level (in standing and sitting) greater clearance is required due 
to the wider base of support required by plus size individuals to 
perform functional activities such as sit to stand and dynamic balance 
tasks. 
 Due to an increase in abdominal depth, additional space may be 
required behind the working surface/desk. This is to enable the plus 
size individual to sit/stand further away from the front of the surface 
accommodating the increase in abdominal depth.   
 
8.3.2.3 Reach 
 Functional reach may be reduced as a result of the individual having 
to sit/stand further away from the working surface due to abdominal 
depth. The reach envelopes should therefore be reduced to avoid 
discomfort, over reaching and maintain task performance. This is 
pertinent given evidence in the literature suggesting poorer balance 
(Hamilton et al., 2015) and lower tolerances for postural stress (Park 
et al., 2009) than normal weight individuals.   
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 The requirement to reach across the body (requiring adduction at the 
gleno humeral joint) should be minimal. Soft tissue apposition between 
the upper limb and abdomen and chest will limit the ability to perform 
this activity without excessive trunk rotation with its associated risks. 
 
8.3.2.4 Access  
 Access dimensions should cater for the largest user who may need to 
work in the area. Allowances should also be made for the use of any 
tools or equipment and well as the altered movement strategies 
adopted by plus size individuals including a wider gait pattern and 
larger turning circles.  
 Adequate storage within the working environment should be provided 
to avoid shared spaces (such as photocopying rooms and corridors) 
being used for this purpose with the resulting loss of circulation space. 
The latter may impact on the plus size individual being able to mobilise 
without hindrance. 
 
8.3.3 General recommendations 
As well as the specific recommendations relating to fit and space within the 
working environment, a number of general recommendations can also be 
made:  
 The majority of plus size individuals expressed concern with aspects 
of their working environment. Due to the significant increase in issues 
reported by individuals with a BMI over 35kg/m2, specific consideration 
should be given to incorporating the recommendations for these 
individuals. 
 End user involvement remains a priority in design activities. Due to the 
sensitive nature of collecting body measurements from plus size 
individuals the option of self measurement (following a measurement 
guide) should be offered as an alternative to estimating the size of the 
individual or using outdated datasets. It has been shown as a valid 
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tool to collect anthropometric data (for 11 measurements) in a plus 
size population.   
 Assessment of the suitability of the working environment in terms of fit 
and space must go beyond the physical dimensions. It is 
recommended that the perception of stability and safety as well as fit 
and space from the plus size user's view is considered throughout the 
design process. For example ' does the chair look robust enough to 
support me?' 'Will I have enough space to fit in between the rows of 
seats?' This may take the form of a 'checklist' as (suggested by 
stakeholders in Chapter 7). An example of how these points could 
enhance a checklist currently in use – the DSE (Display Screen 
Equipment) assessment, to be inclusive for plus size individuals is 
shown in Appendix 8.2.  
 
The integration of these recommendations into the design of the working 
environment will contribute to meeting the needs of plus size people, as 
summarised by one participant:   
 
"I just want to go to work and do my job. Instead I spend most of my 
day thinking about whether I can fit in there or not and who might be 
watching if it’s a not!"  (female, 25-44 years) 
 
8.3.4 Resource recommendations 
One way in which the recommendations (fit, space and general) could be 
integrated into the design of the working environment is via a resource aimed 
at encouraging empathy and supporting stakeholders in including the needs 
of plus size people within the working environment. Through interviews, 
Chapter 7 captured the ideas and preferences from stakeholders for the 
development of such a resource as follows:    
 The resource should be  visually engaging, interactive and accessible 
in a variety of formats. 
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 The resource should facilitate discussion and idea generation about 
the context of including plus size people in workplace design. 
 The resource would need to go beyond a quantitative approach of 
measuring and listing anthropometric measurements and analysing 
the usability of designs in relationship to people’s capabilities. The 
focus should instead be on raising, understanding and promoting 
empathy towards the physical and non-physical issues experienced by 
plus size people in the working environment. 
 
Further development of this resource is discussed in Section 8.5. 
 
8.4 Contribution to knowledge 
In this thesis, different methods were successfully used to meet the 
objectives of the research. This has resulted in the contribution of new 
knowledge relating to including the needs of plus size people in workplace 
design.  
 
This Scoping Study (Chapter 4) identified specific issues experienced by a 
sample of plus size people in the working environment and quantified which 
issues are of most importance/relevance. This has not previously been 
addressed in the literature. In addition, the analysis of additional comments 
made by participants has given insights into the way in which design of the 
physical environment may create barriers to inclusion within the working 
environment.  
 
The use of self measurement in previous research has been limited primarily 
to the measures of stature, weight and waist circumference. The 
development of a self instruction guide in the Anthropometric Measurement 
Validation Study (Chapter 5) has enabled the extension of this method to 
include 14 measures applicable to workplace design. As a result, this thesis 
has presented an alternative methodology to traditional or 3D scanning for 
the collection of anthropometric measurements which has been shown to be; 
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 Valid  - for 11 anthropometric measurements 
 Acceptable to the target population 
 Resource lean  
 Suitable for 'hard to reach' populations. 
 
Via the collection of measurement data including the unique measure of knee 
splay, from 101 plus size individuals, a data set for plus size people currently 
working in the UK has been compiled. Uniquely, this data set is based on 
actual measured data and not estimates based on secular trends or 
algorithms. This has enabled a better understanding of the size and shape of 
this population in terms of variability and predictors of largeness (hip breadth 
for males and abdominal depth for females). Comparison to existing datasets 
has provided knowledge on the how the plus size population differs to this 
data; which dimensions are larger and by how much. Building on the new 
knowledge contributed by Chapter 4 (Section 8.2.1), this study has also 
identified the body size level (BMI 35kg/m2 and above) experience more 
issues within the working environment. This has previously not been explored 
in the literature.  
 
End user participation in the design of resources is not a novel concept and 
is well documented as resulting in better design solutions ( De Looze et al., 
2000; Vink et al., 2006) and greater acceptability of the output (Gyi et al., 
2013). However, this thesis (Chapter 7) provides the first insight into the 
preferences from stakeholders for the purpose, content, format and access of 
a resource specifically aimed at supporting them in including plus size people 
in workplace design. This in turn could facilitate a safer, healthier and more 
comfortable working environment for this population. The ideas generated, 
enthusiasm and engagement of the stakeholders strongly suggests that a 
resource may help raise the awareness of the issues faced by plus size 
individuals and supported by more up to date data, may facilitate the 
inclusion of plus size people in workplace design activities.   
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8.5 Ideas for further research 
The research reported in this thesis provides new knowledge relating to plus 
size people at work in terms of understanding their body size and shape, 
issues they experience at work and how stakeholders can be supported in 
including plus size people in workplace design. In addition, there are further 
opportunities to develop the knowledge base within the field.  
 
Chapters 4 and 6 identified the issues experienced by plus size people in the 
working environment. The nature of the questionnaire based surveys used 
resulted primarily in quantifying the issues rather than eliciting a more in 
depth understanding. Further exploration, in focus groups or interviews may 
be useful in exploring emerging issues, such as the need to consider the 
perceived robustness of chairs and the constant 'waying up' of the 
environment reported by participants. This may further help to enhance the 
design of new products and the resource aimed at supporting stakeholders in 
including plus size people in workplace design via promoting greater 
understanding and empathy.  
 
Due to a small number of participants with a BMI of 34.9 kg/m2 and under 
(Chapter 6) it was not possible to compare issues reported by participants 
with a BMI of between 30kg/m2 to 34.9kg/m2 to those with lower or higher 
BMI's. This is identified as an area of further study in order to ensure 
recommendations are targeted at the appropriate end users. 
 
To represent the observed sitting posture of plus size people (Sibella et al., 
2003) a novel measure of knee splay (in a non pregnant population) was 
utilised in the measurement set (Chapters 5 and 6). Opportunities to explore 
the relevance of other such functional or dynamic measures in a plus size 
population such as comfortable reach (bearing in mind abdominal depth) or 
sitting elbow height (may be affected by abdominal circumference/breadth; 
Smith et al., 2014) to enhance the application of anthropometric data to the 
working environment. Due to the sampling strategy, sample size and 
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distribution of the data (Chapter 6) this thesis has stopped short of 
recommending specific values, for example for side to side clearance, seat 
depth or toilet cubicle size. Extending the sample size may provide more 
confidence in the data, which would then enable the recommendation of 
specific values/ranges to enable inclusion in design decisions. Further 
research addressing the impact of these inclusive design decisions on 
secondary users should also be explored.  
 
Self measurement as a data collection tool was well received by plus size 
participants (Chapters 5 and 6) and was found to be a feasible and 
acceptable method of collecting anthropometric data. The extension of the 
use of self reported measurement to a wider range of dimensions could 
enable further understanding of the size and shape of this population or 
indeed other potentially hard to reach and widely dispersed populations. It 
could also help to overcome the barriers of cost and resources which are well 
documented as prohibiting more frequent large scale anthropometry surveys 
amongst the general population (Bridger et al., 2013).  
 
Finally, the findings from all 4 research studies (Chapter 4, 5, 6 and 7) could 
ultimately contribute to a resource aimed at supporting stakeholders in 
including plus size people in workplace design. Although the preferences 
from a range of stakeholders, in terms of purpose, content, access and 
format were collected and presented in Chapter 7, and recommendations 
stated in Section 8.3.4, further development is required to design and 
construct such a resource prior to user testing.   
8.6 Discussions of findings/recommendations within the wider literature 
The research presented in this thesis has focussed on including the needs of 
plus size people in workplace design. However, the key issues and 
recommendations have implications outside of the scope of the working 
environment such as in the transport and home/leisure industries. 
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8.6.1 Transport 
Transportation is critical for many reasons including travel, economic activity 
and mobility (Tovey, 2012). Despite this importance, plus size people 
experience issues with modes of transport such as cars, buses and 
airplanes.  In a small interview study (n=10) by Kösten et al., (2016) more 
than half of the participants reported seat sizes (n=7), seat belts (n=7) and 
the size of toilet cubicles (n=6) in public transport to be a problem- very 
similar issues to the findings reported in this thesis. These findings support 
Tovey (2012) who suggests that although transport designers have 
recognized the requirement to accommodate variations in height, they have 
been slower in the appreciating the changes resulting from an increase in 
population weight and circumference.  
Automotive industry 
Optimizing postural comfort, easy access to the controls (such as steering 
wheel, gear levers, pedals), reducing the effort to get in and out of the vehicle 
whilst at all times respecting the standards relating to direct and indirect 
visibility are some of the challenges facing both end users and designers in 
the automotive industry (Jeong and Park, 2016).   Similar to seating within a 
work environment, the purpose of an automotive seat is to provide stable 
bodily support over a period of time. However, the emphasis on comfort is 
crucial due to the potentially prolonged requirement to remain seated (on 
longer journeys) and its association with driver fatigue; a main factor in the 
causes of road traffic incidents (Deros, 2015). Although comfort is difficult to 
define as it is a subjective impression of the sitting position (Jain and Pandey, 
2008), comfort level is determined in part by the body posture adopted by the 
driver. Typically, as with the working environment, design practice is often to 
accommodate from the 5th up to the 95th percentile of the target population 
that is aiming to accommodate 90% of the population. Therefore, potentially 
plus size people will be excluded from automotive seat design. Existing 
guidance such as the Motor Vehicle Seat Dimensions: SAE 2732 (SAE 
International, 2008) suggests a seat width (at its anterior edge) of 500mm to 
maximise comfort – however, the findings from this thesis suggest that 
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580mm would be the minimum required to accommodate the mean of the 
study population.  
Failure to accommodate the anthropometric variables of the plus size driver 
may also change how the driver interacts with other elements within the 
vehicle (Tovey, 2012) resulting in poorer access to the controls (such as 
steering wheel, gear levers and pedals) than normal weight individuals. For 
example, a plus size person may prefer to sit further away from the steering 
wheel due to abdominal depth. However, in order to reach the steering wheel 
and pedals, they are forced to sit with their abdomen pressed up against the 
steering wheel which is not only potentially uncomfortable but may lead to 
different and potentially more severe injury patterns in collisions (Jeong and 
Park, 2016). This is also likely to go against the recommended 250mm 
distance between the sternum and the centre of the steering wheel (Segui-
Gomez et al., 1999).  Although alternatives to the traditional reclined or 
upright seating positions are being developed, such as the elevated posture 
(Smith et al, 2015) in an attempt to improve driver comfort and access, 
consideration should be given to exploring these postures using plus size 
participants given that the majority of the population now fall into this 
category. Bi-dimensional manikins recommended for standard testing (such 
as in SAE JA26b, 2008) or 3D virtual manikins should also be representative 
of the plus size population to avoid high exclusion rates for circumference, 
breadth and depth measurements.   
 
The implications of the findings of this thesis, go beyond automotive design 
for comfort and access. Safety is of paramount importance in the industry 
especially as being plus size is linked to poor compliance with seat belt 
usage due to comfort and fit (Dietrich, 2014) and increase in mortality from 
road traffic accidents compared to normal weight individuals. Rice and Zhu 
(2013) reported that drivers with a BMI under 18kg/m2 and those with a BMI 
between 25 and 29.9kg/m2 had death rates similar to normal weight 
individuals based on data from the Fatality Analysis Reporting System. 
However, among plus size individuals, the higher the BMI, the more likely a 
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driver was to die in the collision. A BMI of 30 to 34.9kg/m2 was linked to a 
21% increase in risk of death, and between 35 and 39.9kg/m2 to a 51% 
increase. Drivers with a BMI above 40kg/m2 were 81% more likely to die than 
those of normal weight in similar collisions. Interestingly, these risks 
remained for drivers wearing seat belts and also when the airbag was 
deployed, suggesting that cars are well designed to protect normal weight 
occupants but are deficient in protecting plus size occupants. The reasons for 
this are unclear; it may be that closer proximity to the car structures is a 
consideration or that comorbities associated with plus size individuals may be 
a factor.  However, Rice and Zhu (2013) suggest that crash-test dummies are 
typically normal size adults and children. They are not designed to account 
for the nation’s changing body types. How automobile safety devices 
including seat belts, respond to the additional size, shape and weight of the 
plus size population is becoming more crucial.  
Public transport 
On a daily basis, Tovey (2012) suggests that plus size individuals using 
public transport may face uncomfortable, unsafe and discriminatory practices 
due primarily to the design of vehicles and transport facilities failing to 
recognize their requirements in terms of seat design, crashworthiness and 
terminal layout. Table 8.1 highlights some potential examples with regards to 
buses, airplanes and trains and where the research in this thesis and 
recommendations made may have an impact. 
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Factors 
Mode of transport 
Buses Airplane Trains 
Immediate 
environment 
 
 
Inappropriate seat 
size, lack of 
clearance in 
front/between 
seats.  
No armrests. 
Double seats 
often too narrow 
"taking up 2 
seats". 
Seats look robust 
Inappropriate seat size, lack of 
clearance in front/between 
seats.  
Special requests for extension 
seat belts. 
Life jacket have restricted head 
room and difficult to access 
under seat due to limited reach 
Restricted use of tray table. 
Difficult egress/ingress to seats 
without disturbing others 
Inappropriate seat size, 
lack of clearance in 
front/between seats.  
Double seats often too 
narrow "taking up 2 seats". 
Seats look robust.  
Wider area 
inside the 
bus/plane or 
train  
Narrow aisles. 
Flimsy looking 
straps to hold 
onto. Fear of 
falling if having to 
stand. 
Embarrassment of 
touching others if 
bus is crowded.  
Generally single 
sided handrail 
onto bus. 
Bus may pull 
away before user 
is seated Fear of 
falling due to 
reduced balance 
recovery. 
Narrow aisles. 
Small toilets – not always able 
to use accessibility toilets.  
Difficult access to overhead 
lockers due to limited reach 
 
Narrow aisles on some 
trains. 
Small toilets – not always 
able to use accessibility 
toilets 
Embarrassment of touching 
others if train is crowded.  
 
Wider area 
outside the 
bus/plane or 
train 
Bus stops 
generally have 
high perching 
seats which may 
increase load of 
joint and require 
balance.  
 
  
Long walk from terminal. 
Steep access steps "look 
flimsy". 
Overcrowding in lifts due to use 
and baggage.  
Body scanner is limited in width. 
Embarrassment if required to 
have pat search or remove 
belts/shoes. 
Ticket barriers are width 
limited. 
Turnstiles still in use which 
may be too small for user. 
Limiting seating on 
platforms/inappropriate 
seating 
Overcrowding in lifts due to 
use and baggage 
Table 8.1 Potential areas where plus size individuals using public transport may face 
uncomfortable, unsafe and discriminatory practices. 
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Buses 
Incompatibility between the design of the interior of the bus and the 
anthropometric characteristics of passengers has been identified as a 
potential cause of injuries sustained by passengers during collisions involving 
buses (Palacio et al., 2009). As a result, Zunjic et al., (2012) proposed that 
35 anthropometric measurements should be taken in to account when 
designing the interior of buses; the anthropometric data collected in this 
thesis will assist in ensuring the plus size population are included within 
emerging designs. For example, Zunjic et al., (2012) suggests maximum 
body breadth is important for determining the width of bus doors, width of 
aisle and total number of passenger that can be accommodated on the bus. 
Knee splay should be used instead of hip breadth to determine the minimum 
width of the seat and to determine the position of the handrail, which is 
normally on the back of the seat in front, abdominal depth in a seated 
position should be considered.  
Fiedler (2007) suggested that one of the main issues with utilizing buses is 
that there is often not enough time to access the bus, select a seat and 
become seated prior to the bus pulling away. This may result in a fear of 
falling for plus size individuals (Kösten, 2016) especially as being plus size 
has been associated with a reduction in postural stability (Hamilton et al., 
2015) even in nonmoving environments. As well as recommending that 
buses should not move away before passengers are seated (in existence but 
not enforceable) visually robust grab rails need to be placed at lower levels to 
accommodate a reduction in reach due to abdominal depth. This would 
provide increased stability even if the bus was moving.  Accessible seating 
close to the bus access point, with seat width based on knee splay and a 
slightly higher seat height might enable a plus size individual to sit/stand with 
reduced physical effort before the bus pulls away.  
Air transport 
Air travel is a growing market with airlines expected to be carrying upwards of 
3.6 billion passengers in 2016 (IATA, 2013). In addition, the average 
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occupancy of an aircraft is approximately 80% greater than other forms of 
transport such as trains or buses. Despite the increasingly prevalence of 
being plus size in most developed countries, the width of the standard airline 
seat has decreased from an average of 457mm to 420mm (ATAG, 2015) 
over the past 10 years, with the average seat pitch (space between a point 
on one seat and the same point on the seat in front of it) now being at 
780mm. This reduction has been associated with trying to increase 
passenger numbers without incurring additional costs (Zeng and Li, 2015). 
However, the mean shoulder breadth and hip breadth from this thesis was 
550mm and 600mm respectively which would exclude a nearly all of the 
study population from the existing design of a standard airplane seat. In 
addition, when considering knee splay as a more functional measure of the 
seat width required to accommodate plus size individuals in comfort, the 
potential exclusion rates would be even higher. This may result in plus size 
people coming into contact with adjacent passengers at knee, hip and 
shoulder levels perceived by most participants as stressful and embarrassing 
(Kösten et al., 2016).  Although the findings of this thesis relating to buttock 
to front of knee length were already accommodated within existing datasets, 
mean abdominal depth was 537mm. This depth would need to be 
accommodated by the given seat pitch which could result in plus size 
individuals having only approximately 240mm between their abdomen and 
the seatback in front. This is reduced further, when the depth of the seat back 
cushion and posterior displacement of the seat in front due to the load of the 
person is taken into account.  This may help to explain why air travel was 
frequently mentioned as problematic by plus size people due to small seat 
sizes, seat belts being too short, inaccessible food trays, toilet sizes and 
inadequate leg room. Various design solutions have been put forward to 
address airplane seats to accommodate the plus size passenger such as The 
Santo seat (Figure 8.3) which is larger than a usual seats, and makes use of 
space at the back of aircraft where the fuselage narrows. Also, a bench style 
seating arrangement has been proposed by Airbus (Figure 8.4). However, 
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any designs should be based on up to date anthropometric data and take into 
account the acceptability of the design by potential users.  
 
 
Figure 8. 3 The SANTO seat by SII Deutschland.  
 
 
Figure 8. 4 New seating configuration proposed by airbus 
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Rail 
The findings of this thesis are also applicable to the rail industry with 8% of 
the UK population travelling by train at least once a week (DfT, 2016). Rail 
travel differs from travel by car in that occupants do not need to engage with 
controls such as steering wheel, gear lever or pedals. In addition, there is no 
legal requirement to wear a seat belt leading to fewer parameters that may 
affect the comfort and safety of the user. This may be one reason, that in the 
interview study by Kösten et al. (2016) the internal design of trains were seen 
by a number of participants as an example of good public transport design - 
particularly in terms of their generally greater choice of seating, for example 
quad arrangement of seats with or without a table, single 'priority' seats or 
double seats without armrests; wider aisles with opportunity to stand by the 
doors and toilets that were larger than on airplanes. However, with the 
emphasis on space saving design initiatives within the industry in a bid 
increase seating capacity (DfT, 2016), maintaining choice and accessibility 
for the plus size population, via an understanding of body size and shape and 
issues they experience, must be at the forefront.  
 
8.6.2 Home and Leisure  
The recommendations made on the design of seating, clothing, toilet cubicle 
size, and space including clearance, access and reach throughout this 
chapter could also be applied to many other areas in the home and leisure 
industry with which plus size individuals interact in their daily life. According 
to Kösten et al. (2016) taking a bath, shower cubicles, public toilets, gym 
equipment, theme parks, going to the cinema/theatres or any activity that 
requires having to wear special clothing provided by the activity were all 
highlighted as difficult or in some cases impossible for a plus size person due 
to concerns over whether they would have enough space or would exceed 
the weight limits. Dickins et al., (2011) and Jackson et al., (2014) suggests 
that plus size people are more likely to feel uncomfortable in public due to the 
concerns over not fitting and the potential embarrassment, therefore 
participation is more likely to be avoided (Forhan et al., 2010). The design of 
the environment therefore acts as a form of stigma by reinforcing other forms 
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of stigmatisation resulting in a tendency towards social isolation as plus size 
individuals choose not to draw attention to themselves (Thomas et al., 2010). 
This in turn may promote weight gain (Jackson et al, 2014; Kösten et al., 
2016), contrary to previous studies that suggest design accommodating 
larger users is feeding into the rise of the incidence of being plus size (Puhl 
and Heuer, 2009). The importance of careful consideration of design criteria, 
(for example based on 5th to 95th percentile), or using traditional 
anthropometric dimensions (ISO: 7250 Basic Human Body Measurements for 
Technical Design; International Standardisation Organisation, 2015) rather 
than more functional measures such as knee splay, may become even more 
urgent if UK laws preventing discrimination against people based on their 
size are reformed (Hervey and Rostant, 2016). Currently, being plus size is 
only a “very tenuous route" for protection under the Equality Act 2010 
(Legislation.gov.uk, 2010) because the Act is largely based on a medical 
model of disability. However, should direction of travel move away from this 
medical model towards a social model of disability such as in The EU 
Directive (2000/78/EC), limited participation (potentially due to the design of 
the environment) and attitudinal barriers as a result of not fitting and being 
embarrassed, would then be considered under anti-discrimination law.  
 
The onus to include the needs of plus size people in all domains of public life 
is undoubtedly growing (Foresight, 2007) and this has resulted in a number 
of additional recommendations from the findings of this research: 
 2D or 3D virtual application  and 'crash dummies' used in fit and safety 
testing should be representative for plus size body size and shapes to 
improve comfort and safety for plus size users. 
 Safety critical equipment, for example airplane seatbelts should be 
longer to fit the increasing size of the population. They should not 
have to be specially requested (which may stigmatise).  
 Examples of good practice, for example providing a range of seating 
configurations on trains, should be highlighted and implemented 
across other sectors. 
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8.7 Conclusions 
This research has focussed on the experiences and characteristics of plus 
size individuals within the working environment. This research has shown 
that plus size individuals experience a number of difficulties, primarily related 
to fit and space, which necessitate a better understanding of their size and 
shape via anthropometry. Stakeholders have identified their requirements for 
a resource aimed at addressing these issues which has led to a summary list 
of preferences. As a result of the research in this thesis the following 
conclusions are supported;  
 Plus size individuals report a range of issues at work and in the 
working environment. Fit of equipment, tools and furniture specifically 
seating, uniform and PPE has been identified as problematic. 
Circulation and shared spaces within the working environment has 
also been raised as an issue (Chapter 4). These issues are more 
prevalence for individuals with a BMI of 35kg/m2 and over (Chapter 6) 
which is the fastest growing demographic of the population.  
 Self-measurement, using a specifically developed guide is a feasible 
and acceptable method of collecting data for 11 anthropometric 
measurements relevant to workplace design; stature, weight, chest 
circumference, abdominal circumference, hip circumference, shoulder 
breadth (bi deltoid), forward fingertip reach, shoulder height (sitting), 
abdominal depth, hip breath, thigh depth, buttock to front of knee, 
knee splay and popliteal height. This may offer a more acceptable 
alternative to traditional anthropometric data collection methods for 
plus size individuals (Chapter 5). 
 There is much variability in the body shape of UK plus size working 
population. Reasons for this variability are unknown although it is likely 
to lie in the fatty dimensions. This moves away for the ability to design 
for an average plus size 'Jack' or 'Jill' (Chapter 6). 
 Plus size people are larger than the measurements in existing 
datasets. However, they are not larger in all dimensions. Length 
measurements remain similar to existing datasets but measurements 
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of breadth, circumference and depth have substantially increased. 
Exclusion rates, that is the percentage of the study population that 
may be excluded from design that accommodates up to the 95 th or 
99th percentile of existing datasets, are high for 10 out of the 14 
measurements collected. These measurements once again relate to 
circumference, breadth and depth rather than measures of length. 
This suggests that anthropometric datasets often used may not be 
appropriate for including the plus size population (Chapter 6) and as a 
result this may have an impact on the standards and guidance in 
current use.    
 Knee splay, a novel measure in a plus size population was 
substantially larger than measurements for hip and shoulder breadth. 
Given the functional relevance of this measurement in terms of 
meeting the requirements of the plus size population, consideration 
should be given to exploring using this to determine clearances within 
a working environment (Chapter 6).  
 Identifying reasons why people cannot access or readily use products 
is needed to counteract exclusion. Sufficient data on the end users – 
in this case, plus size individuals – needs to be available in order to 
make informed decisions about the inclusivity of products or 
environments with respect to social acceptability or usability. 
 A resource to support stakeholders in considering plus size people in 
workplace design would be welcomed. The purpose of this would be 
to raise awareness of the issues experienced by plus size people 
supported by data to understand the size and shape of this population. 
However, to ensure the integration and success of such a resource it 
must be visual and interactive and readily accessible to stakeholders 
(Chapter 7).  
 Research to better integrate the needs of plus size individuals into 
everyday design such as transport and home/leisure can only 
contribute to improving comfort and safety for plus size people 
enabling participation and improving wellbeing.  
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Appendix 2.1 Examples of Database Search Strategy and Terms 
D
a
ta
b
a
s
e
 
D
a
te
 
N
o
. 
h
it
s
 
R
e
tr
ie
v
e
d
 
N
o
. 
a
rt
ic
le
s
 
d
is
c
a
rd
e
d
 d
u
e
 t
o
 
d
u
p
lic
a
ti
o
n
 
N
o
. 
a
rt
ic
le
s
 
d
is
c
a
rd
e
d
 d
u
e
 t
o
 
d
a
te
 /
 l
a
n
g
u
a
g
e
 
N
o
. 
a
rt
ic
le
s
 
d
is
c
a
rd
e
d
 d
u
e
 t
o
 
ir
re
le
v
a
n
t 
ti
tl
e
 
N
o
. 
a
rt
ic
le
s
 
d
is
c
a
rd
e
d
 a
ft
e
r 
re
a
d
in
g
 a
b
s
tr
a
c
t 
 
N
o
. 
a
rt
ic
le
s
 r
e
v
ie
w
e
d
  
N
o
. 
c
it
e
d
 a
rt
ic
le
s
 
re
v
ie
w
e
d
 
Ergonomics 
Abstracts 
10/7/16 267 0 20 139 45 63 31 
Web of 
Knowledge 
24/8/16 356 118 4 149 41 44 13 
Scopus 12/6/16 318 230 2 52 6 28 7 
Google  
scholar 
13/9/16 453 211 12 116 89 25 4 
 
Topics Search Terms Databases 
Obese* OR 
“plus size*” OR  
“plus-size*” OR 
Overweight OR “Body Mass Index” OR 
“Waist Hip ratio” OR Adiposity 
AND: 
Measurement Anthropometry OR Anthropometrics 
OR Measure* OR Outcome 
Web of Knowledge 
(Web of Science 
with conference 
proceeding and 
Medline) 
Body Shape “Body shape” OR “Body Size” OR 
Somatotype* OR “Waist Hip ratio” OR 
Adiposity 
Workplace 
Design 
“Work* design” OR Ergonomic* OR “Task 
Analysis” OR “Task Design” OR Workspace 
Temperature Temperature* OR “Heat Stress” 
Ergonomics Ergonomic* OR “Human Factor*”  
Posture Posture OR Position OR “Base of Support” 
Stigma Stigma* OR “Weight bias” OR Attitude* 
Ergonomics Ergonomic* 
Work Work OR Occupation* 
Workability Workability  
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Appendix 2.2 Example of the systematic approach to the critical appraisal of the literature 
Author and Title Main Aim Approach Sample Findings Comments MMAT 
Score 
Vismara et al (2010) 
Effect of Obesity and 
low back pain on 
spinal mobility 
To objectively 
assess the 
posture and 
function of spine 
during standing, 
flexion and side 
flexion in obese 
subjects with or 
without LBP. 
Cross 
sectional 
study 
Quantitative 
 
13 obese subjects 
without LBP 
13 obese subjects 
with LBP 
11 normal weight 
subjects without 
LBP 
Females 
Working age 
Obesity characterised by 
reduced ROM of spine with 
postural adaptation of 
increased pelvic tilt. 
Obesity with LBP associated 
with decreased LSP and Tsp 
flexion.  
Volunteer subjects – non 
randomised sampling.  
Normal weight group small 
– no normal weight group 
with LBP 
BMI used to classify – only 
mean 38.9 kg/m2 
Only spinal ROM assessed 
– non-functional measure. 
Only females 
Not longitudinal in design. 
* 
Proper et al (2012) 
The prevalence of 
chronic 
psychological 
complaints and 
emotional 
exhaustion among 
overweight and 
obese workers 
Determine the 
prevalence of 
chronic 
psychological 
complaints 
amongst 
overweight and 
obese workers. 
Quantitative 
descriptive 
N = 43,928 Dutch 
employees from 
NWCS 
15-64 years of age 
Males and females 
 
15.7% of obese workers 
reported emotional 
exhaustion and 3.7% 
reported chronic 
psychological complaints. 
Significantly higher than non-
obese workers.  
Dutch sample 
Based on 2008-9 data. 
Reliance on self-reported 
measures. 
Obese - classified greater 
than 30 BMI. 
Didn’t adequately adjust for 
co variants e.g. age, job 
role, education. 
** 
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Singh et al (2013) 
Abdominal thigh 
contact during 
forward reaching 
tasks in obese 
individuals 
To investigate the 
contact forces 
and associated 
moments exerted 
by the abdomen 
on the thigh 
suring forward 
reaching tasks in 
obese individuals. 
Quantitative 
descriptive 
10 obese 
individuals – 5 
males and 5 
females 
Aged 40-70 years 
BMI greater than 30 
kg/m2  
Convenience 
sample 
Abdomen found to exert 
considerable force on thigh 
(up to 10%) during reaching 
tasks reducing mvt at hip but 
not dependent on BMI.  
Small sample size only 10 
subjects 
Mean age 58.1 yrs – 
previous research has 
shown that age affects jt 
ROM 
No control group 
Convenience sampling 1 
height of chair – not 
suitable for all 
* 
Author and Title Main Aim Design Sample Findings Comments MMAT 
Score 
Gilleard et al  
(2007 )  
Effect of obesity on 
posture and hip joint 
moments during a 
standing task and 
trunk forward flexion 
motion 
 
 
To identify the 
effect of obesity 
on trunk forward 
flexion motion in 
sitting and 
standing. 
Cross 
sectional 
comparison 
of obese and 
normal 
weight 
groups 
10 obese subjects 
(BMI 38.9kg/m2) 
and 10 age and 
height matched 
normal weight  
subjects (BMI 
21.7kg/m2) 
Females 
Forward flexion motion of 
TSP and TSP/LSP junction 
was reduced in obese group. 
Obese subjects showed a 
more flexed posture.  
Matches subject design 
Explicit methodology – 
repeated measures 
Only females 
Based on BMI 
Small sample size 
Foot positioning in seated 
forward flexion was 
standardised therefore not 
allowing for preferred 
positioning to be adopted. 
*** 
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Appendix 5.1 Possible Anthropometric Measurements 
 
Measurement  Definition Posture Equipment 
 
Weight Measured to nearest 0.5kgs. Person 
wears indoor clothes and no shoes 
Standing Weighing 
scales 
Stature Measured vertically from floor to top 
of the head. The person stands 
erect, looking ahead, the arms 
hanging loosely by the side. 
Standing Stadiometer 
Sitting Height Measured vertically from seat 
surface to top of the head, 
compressing the hair. The person 
sits erect, looking ahead, hands in 
lap. The feet are supported at a level 
that ensures thighs are horizontal. 
Seated Anthropometer 
Back of head 
height 
Measured vertically from seat 
surface to occiput. The person sits 
erect, looking ahead, hands in lap. 
The feet are supported at a level that 
ensures thighs are horizontal. 
Seated Anthropometer 
Mid shoulder 
Height 
Measured vertically from seat 
surface to midway point between 
acromion and neck. The person sits 
erect, looking ahead, hands in lap. 
The feet are supported at a level that 
ensures thighs are horizontal. 
Seated Anthropometer 
Shoulder Height Measured vertically from seat 
surface to acromion. The person sits 
erect, looking ahead, hands in lap. 
The feet are supported at a level that 
ensures thighs are horizontal. 
Seated Anthropometer 
Shoulder breadth Measured horizontally between 
acromions. The person sits erect, 
looking ahead, hands in lap. The feet 
are supported at a level that ensures 
thighs are horizontal. 
Standing and 
Seated 
Anthropometer 
Whole Body 
Breadth  
Measured horizontally across the 
whole breath of the body. The 
person stands or sits erect with arms 
hanging loosely by sides. Measured 
from behind the person. 
Standing and 
Seated 
Anthropometer 
Chest 
Circumference 
The maximum circumference, 
measured horizontally around the 
chest at the level of the bustpoints. 
The person stands or sits, looking 
forward, with shoulders relaxed and 
breathing quietly. The person stands 
or sits, looking forward, with 
shoulders relaxed and breathing 
quietly. 
Standing and 
Seated 
Tape measure 
Chest Height Measured vertically from seat 
surface to height of the bustpoint. 
The person sits erect. 
Seated 
 
Anthropometer 
Chest Depth Measured horizontally from rear 
vertical plane to the bust point. The 
measure is taken at the end of 
Seated Anthropometer 
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quietly breathing out without 
compression of the breast. 
 
Waist Height Measured vertically from the seat 
surface to the point of maximum 
circumference of the abdomen. The 
person sits erect, hands in lap, the 
feet are supported at a level which 
ensures the thighs are horizontal. 
Seated  Anthropometer 
Abdominal 
circumference 
Measured horizontally at the level of 
the waist or level of maximum 
protrusion. The person stands or sits 
erect with arms held slightly away 
from the sides of the body. 
Seated and 
standing 
Tape measure 
Hip 
Circumference 
Measured horizontally around the 
hips at point of maximum protrusion. 
The person stands or sits erect with 
arms held slightly away from the 
sides of the body  
Seated and 
standing 
Tape measure 
Hip Breadth Measured horizontally across the 
widest part of the hips. The person 
sits erect with the legs and feet 
supported. 
Seated and 
standing 
Tape measure 
Thigh Depth Measured vertically from the seat 
surface to the upper, uncompressed 
surface of the thigh where the thigh 
depth is greatest. The seat is 
adjusted so that the person can sit 
with the lower legs vertical, thighs 
horizontal and feet flat.  
Seated Anthropometer 
Buttock to front 
of knee 
Measured horizontally from the most 
posterior part of the buttock to the 
front of knee. The seat is adjusted so 
that the person can sit with lower 
legs vertical, thighs horizontal and 
feet flat. 
Seated Anthropometer 
Buttock to back 
of knee 
(Popliteal) 
Measured horizontally from the most 
posterior part of the buttock to the 
underside of knee. The seat is 
adjusted so that the person can sit 
with lower legs vertical, thighs 
horizontal and feet flat. 
Seated Anthropometer 
Knee splay Measured horizontally between the 
outer borders of the knees. Person 
sits erect with legs in comfortable 
normal seated position and knees at 
90 degrees. 
Seated Anthropometer 
Knee to knee 
breadth 
Measured horizontally between the 
outer borders of the knees. Person 
sits erect with legs to together and 
knees at 90 degrees. 
Seated Anthropometer 
Top of knee 
height 
Measured vertically from top of 
knees to floor. The seat is adjusted 
so that the person can sit with lower 
legs vertical, thighs horizontal and 
feet flat. 
Seated Anthropometer 
Back of Knee 
Height 
Measured vertically from floor to the 
popliteal tendon. The seat is 
Seated Anthropometer 
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adjusted so that the person can sit 
with lower legs vertical, thighs 
horizontal and feet flat. 
Ankle 
Circumference 
Measured around the ankle at the 
level of the inner thigh bone. The 
person stands or sits with weight 
evenly distributed 
Seated and 
standing 
Tape measure 
Foot length Measured horizontally from the tip of 
the longest toe to the back of the 
heel. The person stands or sits with 
weight evenly distributed. 
Seated and 
standing 
Anthropometer 
Foot breadth Measured horizontally across the 
widest part of the foot, perpendicular 
to the length of the foot.  
Seated and 
standing 
Anthropometer 
Forward 
Fingertip Reach 
Measured horizontally from the wall 
to the tip of the middle finger. The 
person sits erect with the arm and 
hand stretched horizontally in front of 
them  
Seated Anthropometer 
Forward Grip 
Reach 
Measured horizontally from the wall 
to the centre of a rod gripped in the 
hand. The person sits erect with the 
arm and hand stretched horizontally 
in front of them 
Seated Anthropometer 
Shoulder 
(Acromium) to 
Underside of the 
Elbow 
Measured vertically from the bony tip 
of the shoulder (acromium) to the 
underside of the elbow. The person 
sits with the upper arm vertical and 
the elbow flexed to 90 degrees. 
Seated Anthropometer 
Back Of the 
Elbow to Tip of 
Middle finger 
Measured from the back of the elbow 
to the tip of the middle finger. The 
person sits with the upper arm 
vertical and the elbow flexed to 90 
degrees. The hand is held in 
alignment with the forearm 
Seated Anthropometer 
Back of the 
elbow to Grip 
Measured from the back of the elbow 
to the centre of a rod gripped in the 
hand. The person sits with the upper 
arm vertical and the elbow flexed to 
90 degrees. The hand is held in 
alignment with the forearm. 
Seated Anthropometer 
Hand Length Measured from wrist crease directly 
below the thenar muscle bulk at the 
base of the thumb to the tip of the 
middle finger. The hand and fingers 
should be held straight and flat, palm 
uppermost. 
Seated Vernier calliper 
Hand Breadth 
Across Knuckles 
Measured across the palm of the 
hand at the junction between the 
palm and fingers including the 
thumb. The hand and fingers should 
be held flat, palm uppermost. 
Seated Vernier calliper 
Seat Height Measured vertically from the floor to 
the seat surface. The seat should be 
adjusted so that the person can sit 
with lower legs vertical, thighs 
horizontal and feet flat. 
Seated Adjustable 
seat with 
anthropometer. 
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Appendix 5.2 Proposed Anthropometric Measurements 
Measurement  Definition Posture Equipment Application 
 
Weight Measured to 
nearest 0.5kgs. 
Person wears 
indoor clothes 
and no shoes 
Standing Weighing 
scales 
Comparing 
participants. 
General 
population 
measure. Use 
in combination 
with stature for 
determining 
BMI 
Stature Measured 
vertically from 
floor to top of the 
head. The 
person stands 
erect, looking 
ahead, the arms 
hanging loosely 
by the side. 
 
Standing Stadiometer Comparing 
populations. 
Vertical 
clearance. Use 
in combination 
with weight for 
determining 
BMI 
Shoulder breadth 
(bideltoid) 
Maximum 
horizontal 
breadth across 
the shoulders. 
The person sits 
erect, looking 
ahead, hands in 
lap. The feet are 
supported at a 
level that 
ensures thighs 
are horizontal. 
 
Standing Anthropometer Clearance at 
shoulder level 
Chest 
Circumference 
The maximum 
circumference, 
measured 
horizontally 
around the chest 
at the level of the 
bustpoints. The 
person stands or 
sits, looking 
forward, with 
shoulders 
relaxed and 
breathing quietly. 
 
Standing Tape measure Turning circles 
Abdominal Depth Measured 
horizontally from 
rear vertical 
plane to the 
maximum 
protrusion on the 
front of the 
relaxed 
Sitting Anthropometer Clearance  
between seat  
back and  
obstructions 
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abdomen. 
Person sits erect 
with arms 
hanging relaxed 
by the side. 
 
Abdominal 
circumference 
Measured 
horizontally at the 
level of the waist 
or level of 
maximum 
protrusion. The 
person stands or 
sits erect with 
arms held slightly 
away from the 
sides of the body. 
 
Standing Tape measure Turning circles 
Hip 
Circumference 
Measured 
horizontally 
around the hips at 
point of maximum 
protrusion. The 
person stands or 
sits erect with 
arms held slightly 
away from the 
sides of the body  
 
Standing Tape measure Clearance 
Hip Breadth Measured 
horizontally 
across the widest 
part of the hips. 
The person sits 
erect with the 
legs and feet 
supported. 
 
Seated  Tape measure Clearance at 
seat level. Seat 
width 
requirements 
Thigh Thickness 
(depth) 
Measured 
vertically from the 
seat surface to 
the upper, 
uncompressed 
surface of the 
thigh where the 
thigh depth is 
greatest. The 
seat is adjusted 
so that the person 
can sit with the 
lower legs 
vertical, thighs 
horizontal and 
feet flat.  
 
Seated Anthropometer Clearance 
required 
between seat 
and underside 
of table or other 
obstacles 
Sitting Shoulder 
Height 
Measured 
vertically from 
seat surface to 
Seated Anthropometer Approximate 
centre of 
rotation for 
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acromion. The 
person sits erect, 
looking ahead, 
hands in lap. The 
feet are 
supported at a 
level that ensures 
thighs are 
horizontal. 
 
upper limb 
Knee splay Measured 
horizontally 
between the outer 
borders of the 
knees. Person 
sits erect with 
legs in 
comfortable 
normal seated 
position and 
knees at 90 
degrees. 
 
Seated Anthropometer Clearance 
especially toilet 
cubicle 
Popliteal Height Measured 
vertically from 
floor to the 
popliteal tendon 
The seat is 
adjusted so that 
the person can sit 
with lower legs 
vertical, thighs 
horizontal and 
feet flat. 
 
Seated Anthropometer Clearance 
required 
underneath 
tables  
Forward 
Fingertip Reach 
Measured 
horizontally from 
the wall to the tip 
of the middle 
finger.The person 
sits erect with the 
arm and hand 
stretched 
horizontally in 
front of them 
 
Standing Anthropometer Functional 
reach 
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Appendix 5.3 Self Measurement Guide 
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Appendix 5.4 Including Plus Size People in Workplace Design 
Participant Information Sheet 
 
Researcher:  Annabel Masson A.Masson@lboro.ac.uk      01509 
226921 
Supervisors: Dr Sue Hignett S.M.Hignett@lboro.ac.uk   01509 
223003  
   Dr Diane Gyi  D.E.Gyi@lboro.ac.uk          01509 
223043 
 
 
What is the purpose of this study? 
 
Designing a workplace (for example chairs, desks, equipment, uniforms, 
protective clothing) relies upon the use of accurate and up to date body 
measurement data to ensure that a broad range of users will be 
accommodated comfortably and safely. Currently, there is a lack of useful 
measurement data which is specific to plus size people, and relevant to the 
design of the working environment. This study aims to find out if self-
measured body measurements is an accurate way of collecting this data 
compared to measurements taken by the researcher.  
 
Who is doing this research and why? 
The research will be carried out by myself, Annabel Masson as part of my 
PhD at Loughborough Design School, Loughborough University.  
 
Once I take part, can I change my mind? 
Yes. After you have read this information sheet and asked any questions you 
may have, I will ask you to sign a consent form. 
If you wish to withdraw from the study at any time either before or after you 
have signed the consent form, all you have to do is say so. 
You can withdraw at any time, for any reason and you will not be required to 
explain your reasons for withdrawing. 
 
What will I be asked to do? 
The study is made up of two parts: 
1. Self-measurement – you will be required to complete the self-measurement 
form that will be sent to you in the post, via email or on survey monkey 
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(whichever you prefer). It asks you questions about yourself and your job 
and then you will be required to complete thirteen measurements following 
the instructions on the sheet. 
 
2. Researcher measured - after you have completed the self-measurement 
part of the study the researcher, Annabel Masson will arrange to come and 
repeat the measurements at a time and place convenient to you.  
 
How long will it take? 
Each part of the study will take approximately 20 minutes to complete. 
 
Is there anything I need to do before the sessions? 
No, there is nothing you need to do before these sessions. However, please 
try and wear the same clothes for each part of the study. 
 
What personal information will be required from me? 
Your name will be required purely for the contact sheet and will only been 
seen by the researcher, Annabel Masson. Personal details such as age and 
job title are included in the self-measurement form but this data will recorded 
anonymously in the write up of this research and will not be linked in any way 
to your name. 
 
Are there any risks from participating? 
There are no risks from participating in this study. 
 
Will my taking part in this study be kept confidential? 
When data is collected and throughout this research, your information will be 
kept anonymous. Your name will not be included and you will be identified by 
a number. The data will be kept in a safe and secure place at Loughborough 
University. 
 
What will happen to the results of this study? 
The results of this study will be used for my PhD thesis and/or for publication. 
 
I have some more questions who should I contact? 
For more information, please feel free to contact myself or my supervisors on 
the contact details provided. 
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What if I am not happy with how the research was conducted? 
Loughborough University has a policy to deal with ‘Research Misconduct and 
Whistle Blowing which is available online at: 
http://lboro.ac.uk/admin/committee/ethical/Whistleblowing(2)htm. 
 
 
Thank you 
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Appendix 5.5 Including Plus Size People in Workplace Design 
Informed Consent Form  
(To be completed after participant has read participant information sheet)  
  
The purpose and details of this study have been explained to me. I 
understand that this study is designed to further scientific knowledge and that 
all procedures have been approved by the Loughborough University Ethics 
Approval (Human Participants) Sub Committee.   
  
I have read and understood the participant information sheet and 
consent form.  
  
I have had the opportunity to ask questions about my participation.  
  
I understand that I am under no obligation to take part in this study.  
  
I understand that I have the right to withdraw from this study at any 
time for any reason and that I will not be required to explain my reasons 
for withdrawing.  
  
I understand that all the information I provide will be treated in strict 
confidence and will be kept anonymous and stored securely.  
  
I agree agree/do not agree (please delete as appropriate) to have my 
photograph taken during the study. I understand that this will not 
include photographing of my face to ensure anonymity.   
  
  
I agree to participate in this study.  
  
  
Your name:     ---------------------------------------------------------------------------  
  
Your signature:    ---------------------------------------------------------------------------  
  
Researcher signature:  ---------------------------------------------------------------------------  
  
Date:       ---------------------------------------------------------------------------  
  
  
Thank you  
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Appendix 5.6 Understanding Body Size and Shape in Workplace Design 
Measurements – Researcher Measured 
 
Participant DOB: 
 
Date of Measurement:                                              Time: 
 
Right handed        Left handed 
 
Body Shape 
 
Straight               Pear                 Apple                Cone              Hourglass 
                                                                                                      
 
Height (cms)  
Weight (kgs)  
Full Chest  
Stomach  
Hips  
Shoulder Width  
Forward Reach  
Sitting Shoulder Height  
Stomach Depth  
Hip Breadth  
Thigh Thickness  
Buttock to Front of Knee  
Popliteal Height  
Between Knee Width  
 
Consent Form Collected    Yes     No 
 
Self Measurement Form Collected                  Yes     No 
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Appendix 6. 2 Strength of correlation between male anthropometric measurements (S= small, M=medium) 
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Appendix 6. 3 Strength of correlation between female anthropometric measurements (S= small, M=medium) 
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Appendix 6.4 Male exclusion data (n=47) 
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Appendix 6.5 Female exclusion data (n=54) 
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Appendix 7.1 Preliminary questionnaire - Stakeholder Interviews 
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Appendix 7.2 Stakeholder Interviews 
 
Interview Schedule 
 Thank you for agreeing to participate in this telephone interview. 
 This interview aims to understand your experiences of using 
anthropometry and/ or inclusivity toolkits in your working practices and 
builds upon the answers that you gave in the questionnaire. 
 As described in the information sheet, I have collected 14 anthropometric 
measurements from the plus size working population. 
 This has resulted in a data set for more than 100 plus size individuals 
 Now I would like to get your views on how you would like this data 
presented as part 
of a resource aimed at including plus size people in workplace design. 
 Will take about 20-30 minutes to complete 
 
Before we start …. 
 
Consent 
 Should have received information sheet and consent form via email – 
have you any questions from sheet? Or do you need anything explaining 
further? 
 As we go through the interview, please let me know if you don’t 
understand any of the questions. 
 No right or wrong answers – so please respond freely and honestly 
 Don’t need to answer any questions you don’t want to 
 Stop at any point without giving a reason 
 Interview will be recorded but data will be kept securely and deleted after 
analysis 
 Your answers and any quotes you make will remain anonymous and will 
not be reproduced in any way that would reveal your identity. 
 Do you have any questions regarding the interview or how the data will 
be used? 
 Do you give your consent to be recorded? 
 Do you give your consent to participate in the telephone interview? 
Interview will cover 3 main areas which are; anthropometric data, issues 
experienced by plus size people within the working environment and toolkit 
content 
 
Anthropometric Data 
I have collected a data set of 14 anthropometric measurements from over 
100 plus size individuals. This will provide a greater insight into the size and 
shape of the current plus size working population. But… I would like to know 
from you 
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If you think such data might be useful to you or your organisation?  
 If yes, example of how you might use this data 
o Current/recent projects 
o Instances when you have referred to anthropometric sources 
o Been unable to find data you required 
o Asked to design to include plus size 
o Uniform/clothing/PPE or workstation layout 
 
 If no – why not? 
 I could present the data in table format like Pheasant, or web based 
like People Size but keen to get your views on how you would like 
this data presented to be of most use for you? 
o Format? – table, wheel, interactive chart/diagram 
o Access – web, hard source, pocket guide 
o Mentioned in questionnaire, that you use ……… most often 
o What features do you like? and why? 
o What features don’t you like? and why? 
o Can you identify any features are lacking from the 
anthropometric data sources and/or inclusivity resources that 
you currently use? “ i could really do with that”,  “I wonder 
why…” 
 
Plus size people who completed an earlier scoping study, identified 
several areas within the working environment that cause them real 
problems/concern/challenges. These were issues surrounding  
 Fit – eg. Seating – personal and shared, toilet seats, Uniform, PPE 
 Space – workspace layout, room to move around unhindered, toilet 
cubicles 
 Organisational issues -  how plus size people were perceived within 
the working environment 
 
What information would be useful to include within a toolkit that would 
help with understanding the issues affecting plus size people within the 
working environment?  
Primarily…. 
 To encourage empathy/diversity 
o Lack of literature on subject matter therefore 
understandable…… 
o Approaches you use to understand your end users? 
o Can you tell me an examples of when you have designed for 
specific end users  
o How do you find out about end users? 
o Positive examples of good design for plus size people 
o Not so good examples/negative examples of designing for plus 
size people 
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o What would need to be different to include plus size people in 
the examples you have given 
An output from this PhD will be the production of resource aimed at 
assisting stakeholders (designers, ergonomists) in including plus size 
people in workplace design. Do you have any ideas/thoughts on how 
what you and your company would like included in such a resource? 
 
 Case studies, personas, bariatric suits/props, blogs/day in the life?  
o Do you find case studies useful? If so why? And when? 
o What details would you like included in case studies? 
o What are you experiences of using persona? Useful detail?  
     Missing detail? 
o What information would you like included in persona? 
o How would you like persona presented? 
o What are you experiences of using props/simulation tools  
    e.g. Dexterity gloves,?  
o Are there any props/simulation tools that may help you/your 
company 
    experience issues reported by plus size people? 
o Would you need to use these tools yourself or would online  
     images/videos  
    etc…be useful? 
o Do you find blogs/day in the life useful? If so why? And when? 
o What details would you like included in blogs/day in the life ? 
 Format and access? 
o As previously mentioned in the section regarding 
     anthropometric data… 
o I am keen to get your views on how you would like the  
    resource presented to be of most use for you? 
o Format?  
o Access – web, hard source, pocket guide 
o Mentioned in questionnaire, that you use ……… most often 
o What features do you like? and why? 
o What features don’t you like? and why? 
 Training/education  
o Have you/your company received any training/education  
     specific to including plus size people at work? 
o Do you think there is a need? If so why? If not why? 
o What would you like included? 
o Could this resource help you/your organisation? 
o Useful experiences of training to include end users? 
o How do you like to access training? 
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Do you know of any good examples/resources that would be helpful for 
this research that we have not already discussed? 
 
Thank you for all your comments. Is there anything else you would like 
to add before we end the interview? 
 
That concludes the interview. 
Thank you for your time – your help is very much appreciated. 
If you would like a follow up call /to be advised of the findings please let 
me know. 
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Appendix 7.3 Including Plus Size People in Workplace Design  
 
Stakeholder Interviews (telephone or face to face) 
 
Participant Information Sheet 
 
Researcher:  Annabel Masson A.Masson@lboro.ac.uk      01509 226921 
Supervisors:              Prof Sue Hignett S.M.Hignett@lboro.ac.uk   01509 223003  
   Dr Diane Gyi  D.E.Gyi@lboro.ac.uk          01509 223043 
 
What is the purpose of this study? 
 
Designing a workplace (for example chairs, desks, equipment, uniforms, 
protective clothing) relies upon the use of accurate and up to date body 
measurement data to ensure that a broad range of users will be 
accommodated comfortably and safely. Currently, there is a lack of useful 
measurement data which is specific to plus size people, and relevant to the 
design of the working environment. A previous stage of this PhD has 
collected 14 anthropometric measurements from 100 plus size working 
people. This interview (telephone or face to face) aims to collect your views 
on how you would like this anthropometric data presented and explore what 
information you would like included in a resource/toolkit aimed at including 
plus size people in workplace design  
 
Why I have been chosen to take part in this study? 
You have been approached to take part in this study because you are aged 
18 years and over and have some experience of utilising anthropometric data 
and/or design resources/toolkits, or may be interested in including plus size 
people in workplace design.  
 
Who is doing this research and why? 
The research will be carried out by myself, Annabel Masson as part of my 
PhD at Loughborough Design School, Loughborough University.  
 
Once I take part, can I change my mind? 
Yes. After you have read this information sheet and asked any questions you 
may have, I will ask you to verbally give your consent. This will be recorded. 
If you wish to withdraw from the study at any time either before or after you 
have given consent, all you have to do is say so. You can withdraw at any 
time, for any reason and you will not be required to explain your reasons for 
withdrawing. 
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What will I be asked to do? 
The study consists of two parts: 
Part 1 - A short online questionnaire prior to  
Part 2 – An interview either telephone based or face to face.  
If after reading this participant information sheet you consent to take part in 
this study, the researcher will contact you to arrange a convenient date and 
time to conduct the interview (either over the telephone or face to face). 
Prior to the interview you will be sent a link to a short online questionnaire 
which should be completed and submitted prior to the interview.  
The researcher will then conduct the interview on your chosen date/time. The 
researcher will ask your consent to participate in the interview and your 
consent for the interview to be voice recorded. 
 
How long will it take? 
The questionnaire should take no longer than 5 minutes to complete. 
The interview will take between 20-30 minutes to complete. 
 
Is there anything I need to do before the sessions? 
No, there is nothing you need to do before these sessions.  
 
What personal information will be required from me? 
Your name will be required purely for ease of contact and will only been seen 
by the researcher, Annabel Masson. Personal details such as job title job are 
included in questionnaire, but this data will recorded anonymously in the write 
up of this research and will not be linked in any way to your name. 
 
Are there any risks from participating? 
There are no risks from participating in this study. 
 
Will my taking part in this study be kept confidential? 
When data is collected and throughout this research, your information will be 
kept anonymous. Your name will not be included and you will be identified by 
a number. The data will be kept in a safe and secure place at Loughborough 
University. 
 
What will happen to the results of this study? 
The results of this study will be used for my PhD thesis and/or for publication. 
 
I have some more questions who should I contact? 
For more information, please feel free to contact myself or my supervisors on 
the contact details provided. 
 
What if I am not happy with how the research was conducted? 
Loughborough University has a policy to deal with ‘Research Misconduct and 
Whistle Blowing which is available online at: 
http://lboro.ac.uk/admin/committee/ethical/Whistleblowing(2)htm. 
 
Thank you
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Appendix 8.1 Potential impact of thesis findings on BS EN 1335-1:2000 
Dimension Recommendations 
BS EN 1335-
1:2000 
Factors to consider Recommendations 
from this Thesis 
Seat 
 
Seat height 
-adjustable 
-adjustable range 
 
 
400-510mm 
120 mm 
Stature 
Thigh thickness 
Working surface height 
Thigh thickness + 167mm from existing datasets. 
Seat height may need adjust to lower levels to accommodate 
increased thigh thickness under standard height working surface 
and meet preferences for lower working height (Paul et al., 1995). 
Seat depth 
adjustable 
-adjustable range 
 
 
400-420mm 
50mm 
Abdominal depth 
Buttock to front of knee length  
Mean abdominal depth + 256mm from existing datasets but length 
measure of buttock to front of knee is similar to existing datasets. 
Therefore, adjustability of backrest is paramount to maximise 
accommodation of abdominal depth and adipose tissue around 
buttocks without increasing depth of seat surface. Plus size 
individuals may benefit from a seat with an adjustable back 
rest to maximise available seat depth. 
Depth of seat surface 
 
380mm Abdominal depth 
Buttock to front of knee length 
Altered biomechanics of plus size sit to 
stand (Visimara et al., 2010) 
 
Length measure of buttock to front of knee is similar to existing 
datasets. Due to adipose tissue within popliteal regions, plus size 
vulnerable to increase pressure if depth is too long.  
Depth of seat surface is appropriate for the study population. 
Consideration should be given to rounder seat edges to avoid 
pressure on popliteal region.  
Seat width 
 
400mm Hip breadth 
Knee splay 
Mean hip breadth is +198mm compared to existing standards. 
Knee splay + 91mm and 195mm greater than existing datasets 
(based on shoulder breadth and hip breadth) 
To ensure knees and thighs are supported in a position of 
comfort seat width should be increased. A wider seat 
anteriorly may support the thighs in a position of comfort.  
Inclination of seat  
surface 
-2o to -7o Abdominal depth and 
Circumference. 
Thigh thickness.  
Plus size associated with an increase in anterior pelvic tilt 
(Visimara et al., 2010) due to abdominal pannus. Negative seat 
inclination of seat surface may result in thighs exerting upward 
pressure on abdomen and resulting in increased abdominal 
circumference/breadth in sitting requiring a greater width between 
armrests to accommodate abdomen. Sit to stand also more difficult 
from negative tilt. Comfort and function may be facilitated by a 
greater range of seat inclination in positive direction. 
  
316 
 
Cushioning 
 
N/A Increased weight leads to increased 
compression on seat surface. 
Cushioning should be appropriate to the weight of the 
individual and the requirements/duration of the task. Material 
used should avoid user slipping forward. 
Back rest 
 
Height of supporting 
point 'S' above seat 
surface 
- adjustable 
- adjustable range 
 
 
170mm-220mm 
50mm 
Stature 
Sitting shoulder height 
 
Stature and sitting shoulder height is similar to existing datasets. 
However, adipose tissue around buttocks may be compressed in 
upwards direction during sitting which leads to altered positon of 
lordosis. Although reduced lumbar curvature associated with being 
plus size (Park et al., 2009) it will be further away from backrest 
due to size of buttocks. Supporting point S will need to be 
increased in an anterior – posterior direction to enable 
engagement with the backrest. In addition, the adjustable range 
should be greater to meet the variation in adipose 
distribution.  
Height of the back pad  
- adjustable in height 
- non adjustable in 
height 
 
200mm 
260mm 
Stature 
Sitting shoulder height 
These dimensions are related to length which were accommodated 
within existing guidelines/guidance. 
Height of the upper 
edge of the back rest 
above the seat surface 
360mm Stature 
Sitting shoulder height 
These dimensions are related to length which were accommodated 
within existing guidelines/guidance 
Back rest width 
 
360mm Hip breadth 
Shoulder breadth 
Mean shoulder breadth measurement 570mm. Curvature of 
backrest my further reduce the width available for support/comfort. 
Breadth to seat level may also be necessary to support increased 
abdominal breadth. Back rest width may need to be increased 
to support the broader trunk/shouders of the plus size 
individual. Support is required from shoulders to seat.  
Horizontal radius of 
the backrest 
400mm  Further reduces available width of back rest. Combined with the  
Back rest inclination 
- adjustable range  
 
 
15o 
 Should be positioned for comfort and to meet task demands. 
Posterior inclination may reduce 'spread effect' associated with 
sitting increasing comfort. However, may lead to slipping forward 
on seat and/or difficulty in sit to stand. Posterior inclination will also 
reduce functional reach. 
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Arm rests 
 
Length of armrests 
 
200mm  Longer armrests may give additional postural support and 
assist in sit to stand. Additionally, longer armrests may enable 
individuals with large abdominal depth to engage with armrests 
(Smith et al., 2014) in a position of comfort. 
Width of armrests 
 
40mm Potential for wider forearms 
Chest circumference 
Waist circumference  
Hip breadth 
'Spread effect' 
 
Wider armrests may give additional postural support and 
assist in sit to stand. Additionally, wider armrests may enable 
individuals with large abdominal breadth/hip width to engage with 
armrests (Smith et al., 2014).  
Height of armrest 
above seat 
200-250mm Chest circumference  
Abdominal depth 
Shoulder breadth 
Waist circumference 
'Spread effect' 
Abducted position of the shoulder due to increased chest 
circumference and soft tissue opposition between arms and trunk 
results in need for higher (and wider) armrests (Smith et al., 2014). 
This is in contrast to Pheasant and Haslegrave (2006) who 
suggests a lower armrest to facilitate a relaxed arm position. 
Seating with adjustable armrests are preferable to 
accommodate a position of comfort for the plus size individual.  
Clear width between 
armrests 
460-510mm Chest circumference 
Waist circumference  
Hip breadth 
Knee splay 
'Spread effect' 
Mean hip breadth measurement 600mm. Breadth of the abdomen 
in seated would also need to be accommodated between the 
armrests.  
Width between armrests should take into account hip breadth 
and breadth of the abdomen in a seating position.  
Underframe 
 
Stability 195mm Weight Chair should be suitable to support higher weight limits and 
tested to ensure safety. 
Chair should be perceived as stable by plus size user. 
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Appendix 8.2 Including Plus Size People in Workplace Design – 
Checklist 
 
This checklist can be used as an aid to including plus size people in 
workplace design. The checklist is not an exhaustive list of items to be 
addressed and will not necessarily be comprehensive for all work situations 
but instead should be used to raise awareness of points to consider. 
 
Individual working area 
Chair 
Yes No Action required / 
Comments 
Is the chair suitable for the task? 
 Is it adjustable: 
o Backrest height/tilt? 
o Seat height? 
 Can the user reach the 
adjustability lever (s) from 
sitting? 
   
Is the depth of the seat appropriate? 
 Assess in preferred seating 
position 
 Look at buttocks in relation to 
back of chair 
 Can the user engage with the 
back rest? 
      
Is the seat wide enough to support thighs? 
 Assess in preferred sitting 
position 
      
Is the back rest high and wide enough to 
support from buttocks to shoulders? 
 If not consider use of chair with 
less curvature 
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Is there enough space between the 
armrests to accommodate thigh and 
abdominal breadth? 
   
Are the armrests wide and long enough to 
be usable for support and/or assist with sit 
to stand? 
      
Is the weight limit of the chair appropriate? 
 Gas lift chairs not 
recommended above 100kg 
(HSE, 2011) 
      
Appearance of the chair 
 If bariatric chair it should 
comparable in terms of style, 
shape and fabric to encourage 
use 
 Does the chair look robust and 
stable? This will encourage 
confidence in use 
       
Is the diameter of the base appropriate? 
 Users feet need to be able to 
move backwards to help in sit to 
stand without hindrance from 
the base 
       
Does the chair fit into the direct working 
environment? 
 Is there space for the chair 
 Is there space for ingress and 
egress and the chair 
      
Working area Yes No 
Action required / 
Comments 
Is the height of the working surface 
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appropriate? 
 Preference may be for a lower 
working height to assist with 
reach 
Is it possible reach all necessary 
tools/equipment comfortably? 
 Avoid over reaching 
 Avoid over balancing 
 Consider influence of abdominal 
depth on reach 
      
Shape of the working surface 
 Could a different shape help 
with reach? 
 Consider wider curves rather 
than deeper narrower curves 
 Corner configurations may 
increase problems with reach 
      
Is there enough space underneath the 
working surface to allow for position of 
comfort to be adopted? 
 Measure at knee height 
 Thighs should not be touching 
underside of surface 
 Remember seat may need to be 
higher to assist with sit to stand 
and reduce 'spread effect' 
      
Is there adequate space at floor level to 
enable wider foot positioning?  
 needed for balance and sit to  
 stand 
      
Is there enough space and clearance 
around the immediate task area, such as 
behind the chair to enable access without 
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hindrance?  
 consider fixed structures as well 
as other office equipment 
Is there enough room to allow frequent 
changes of posture and movement away 
from desk? (HSE, 2011) 
 should be clear access 
 consider altered movement 
strategies unique to the user 
      
Are employers/employees aware not to 
clutter spaces to enable easy mobility? 
      
Is storage accessible in terms of limited 
functional reach and greater demands for 
clearance? 
 Additional demands if storage is 
low or high 
 Consider greater space for 
access 
      
Shared spaces 
Toilet Yes No 
Action required / 
Comments 
Is there enough space to get in and out of 
the toilet cubicle? 
 don't forget the person may be 
holding bags or carrying 
equipment) 
      
Is there enough space to turn around in 
the toilet cubicle when the door is closed?  
 consider items on the floor or on 
the wall 
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Meeting rooms/reception 
areas/cafeterias Yes No 
Action required / 
Comments 
Is there a selection of shared seating? 
 With/without armrests 
 Bench/double seats 
 High/low seating  
 Avoid demarcated seating 
      
Are there alternative options if fixed 
seating is offered? 
      
Does the seating appear robust/stable? 
 Avoid materials that look 
flimsy or that they might 
break 
      
Is there enough clearance between tables 
and/or fixed structures? 
 Could the user get up leave 
the meeting room without 
having to squeeze past 
others/objects? 
 User may be carrying 
trays/objects 
      
Stairs 
 Are there alternative to stairs 
if physical demands are too 
great 
 Is there adequate passing 
space/points on the stairs 
      
Uniform/PPE Yes No N/A 
Are uniform provided in plus sizes? 
 Without the need to ask for a 
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larger size 
 Fit should enable 
unrestricted movement 
Is there privacy in the ordering/fitting 
process? 
      
Equipment 
Yes No N/A 
Is all equipment (eg..ladders, company 
car) required suitable for the user in terms 
of; 
 Weight limits 
 Size 
 Comfort 
 Safety 
 If no, are alternatives freely 
offered? 
      
Work related activities Yes No N/A 
Is the inclusiveness for plus size people 
considered when planning an activity? 
 Business related travel? 
 Some team building 
activities may have a weight 
limit 
      
 
 
